
































reactor control 





with the NEW 
Automachine Shielded Wire Ferrule 


machine-fed ferrules and pigtail wire » controlled compression ter- 
mination, with AMP automachine technique © dual applicator permits 
termination of two leads or double-ended jumper, simultaneously 


pigtails cut to desired length, automatically! 


Designed especially for television and 
commercial electronics applications. 


Additional information is available on request 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
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Complete _ 
Temperature Measuring 
Systems for Aircraft 


aagit Sturdy 
... Accurate 


Hermetically Sealed TEMPERATURE INDICATORS 
TO MILITARY SPECIFICATIONS 





UPLE THERMOMETERS 
CYLINDER, BEARING OR EXHAUST TEMPERATURES 


2” SINGLE INDICATORS 2” SINGLE INDICATORS 
WITH MOUNTING BEZEL 234" DUAL INDICATORS FOR RING CLAMP MOUNTING 


RESISTANCE THERMOMETERS 
STANDARD RANGES FOR CYLINDER, OIL, FREE-AIR, COOLANT, CARB-AIR OR HEATING DUCT TEMPERATURES. 





pi 


2” SINGLE INDICATORS 2” SINGLE INDICATORS 
WITH MOUNTING BEZEL 234” DUAL INDICATORS FOR RING CLAMP MOUNTING 


RESISTANCE BULBS © THERMOCOUPLES . THERMOCOUPLE WIRE | 
ey: <r FROM OUR OWN WIRE Mill. 
CHROMEL- COPPER- 
ALUMEL CONSTANTAN 
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TO A-N AND 


A-N, FREE-AIR, STUFFING-GLAND TO A-N IRON- MILITARY 
AND CYLINDER-HEAD BAYONET TYPES SPECIFICATIONS CONSTANTAN SPECIFICATIONS 


TO INSURE ACCURATE, RELIABLE TEMPERATURE INSTRUMENTATION, USE LEWIS BULBS, THERMO- 
COUPLES, LEAD WIRE, FIREWALL BLOCKS, RESISTORS AND INDICATORS 


THE LEWIS ENGINEERING CO. 


NAUGATUCK, CONNECTICUT 


Manufacturers of Complete Temperature Measuring Systems for Aircraft 




















Thermocouples circle 41; Thermocouple Wire circle 80 
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with 
Moeller 
dial 
indicating 
(mercury actuated) 


thermometers 


because — since 1867 our business 
has been the design and manufacture of temperature 


measuring instruments. 


Up or down — left or right, you can 
easily install Moeller adjustable form dial indicating 
thermometers at any advantageous 


reading angle. 


For further details, mail the coupon, today! 


MOELLER "7" 


RICHMOND HILL 18.N.Y Ps 
INSTRUMENT COMPANY y 


Representatives in Principal Cities 


Gentlemen: Without obligation, please send me Moeller 
Catalog No. 150 on Dial Indicating Thermometers 

NAME 

FIRM 

ADDRESS 





SENSITIVE RESEARCH 
ELECTRICAL 
INDICATING INSTRUMENTS 


NEW! 

CREST 

VOLTMETER 

measures true RMS, 

negotive peaks and positive 
peaks from 200 V. to 100,000 V. 
Input impedance 10,000 
megohms. Accuracy 1%, 


MODEL CRY 


NEW APPROACHES... 
with TRADITIONAL 
Dependatitity / 


MODEL RFV 


NEW! 
RF VOLTMETER. 
True RMS responding. 
Accuracy .5%. Thermocouple type. 
Single or Multirange. 
From 1 V. full scale. 


NEW APPROACHES that facilitate and sim- 
plity electrical measurements are emphosized 


SENSITIVE 
RESEARCH 
INSTRUMENT 
om el g.20],7-Wmrel, | 


NEW ROCHELLE NY 
a 





INSTRUMENTS ano AUTOMATION 


6, 


Richard Rimbach. Sr 


Milton H. Aronson 
Manoel! F. Behar, 
Fred D. Marton, ‘4 
Robert C. Nelson 


James Emge, 4 
Howard Kalbfleish 
Milo Pugh, 

R. E. Lang, 

M. L. Kalish 
Penelope Jackim 


Raymond C. E. Smith 


John H. Mcleod, Jr 


F. Ed Funke, 


KA 


Armand T. Gaudreau 


C. F. Goldcamp 
John W. Deliner, 
David S. Aland, 


EXECUTIVE AND EDITORIAL OFFICES 


Pittsburgh 12 


Fairfax 4 


Penna., 845 Ridge Ave., 
ee 


SUBSCRIPTION RATES 


For One, Two 


Years 

ted States, U.S. Pos 
sessions and Canada $ 00 $ 7.00 $ 9.00 
(Five Years @ $10.60 
latin America we $ 6.00 $10.00 $14.00 
All other countries 10.00 15.00 20.00 


Payments from outside the U.S.A 
must be in the form of an Inter- 
national Money Order or check on 
a U.S. Bank 


MEMBER Position and company connection 

Audit Bu. %8 Well as products manufactured 
reau of Cire must be indicated in all subscrip 
culation tion orders 


EDITORIAL 


Review of IRE Show. 612 


Automation Exposition Clinies. 614 


FEATURE ARTICLES 


Introduction to Reactor Physics. 616 
4. A. MARKSON—covers nuclear structure, energies in nuclear 
ids, environment required for chain reaction, and reactor 
types. 
Trends in Radiation Instrumentation, 624 


JAMES B. WILLIAMS —résumé of operation of basic radiation de 


tectors, instruments, and systems 


Reactor Control. 630 


R. N. BREY, JR irve) reactor Kinetics, detector ranges, and 


control instrumentation f certain types of reactors 
Power Reactor Control. 636 
CLYDE C. SCoTT—a survey of fundamenta! 
tors 
The Shippingport Reactor. 638 
IS CONTROLLED via temperature of coolant water and neutron 
activity 
Irradiation Sources for Industry, 639 
MORRIS R. JEPPSON-——compares advantages and costs of radio- 
active waste and other reactor sources versus accelerators of 
Varlous types. 
Simulation of a Solvent Recovery Process, 648 


LLOYD G. LEWIS—-analog study performed using an approximate 
analog consisting of actual instruments plus simulated process 
units. 


Strain-Gage Instruments. 648 


CONTINUING LAST month's survey of instruments and accessories. 


Continued on page 564 
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photo-oscillograph users: 


ATTENTION! 


NOW... 


PRE-PRINTED 
PHOTO CHARTS 


Did you know that the manufacturer of almost any stand- 
ard photo-recording osculograph can supply you with photo- 
sensitive recording charts already printed with amplitude and 
reference lines? 

He can do this because of a new, exclusive process devel- 
oped by the Bristol special chart service for printing to ac- 
curacies of + 0.005 inch through photo-sensitive emulsions. 

If your photo-oscillograph uses charts up to 12 inches 
wide on ultra-violet or tungsten-sensitive positive papers, 
ask your chart supplier about Bristol pre-printed photo 
charts. 

This outstanding new development is just one of the spe- 
cial charts you can get from Bristol. Our chart-printing fa- 
cilities can handle strip charts up to 29 5 8 inches across and 
circular charts up to 12 inches diameter. 

Some of the available papers include: highest quality reg- 
ular chart paper in standard thicknesses; wax-coated, heat- 
sensitive, chemically-coated, electrically-sensitive or pres- 
sure-sensitive papers; papers for metallic marking; foil-type 
laminates for extreme dimensional stability; card stock; car- 
bon coated (or smoked) papers. Also special punchings or 
printing to any mathematical law. 

Write for complete data on the Bristol special chart print- 
ing service. The Bristol Company, 154 Bristol Road, Water- 


bury 20, Conn. 


BRISTOL TRAIL~BLAZERS IN 
P 5 PROCESS AUTOMATION 


~ - — j 


AUTOMATIC CONTROLLING. RECORDING AND TELEMETERING INSTRUMENTS 
e 5 . 
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AUTOMATION 


VOL. 31, NO. 4 APRIL, 1958 


nti ' 
iti ied row 


THE SIMULATION COUNCIL NEWSLETTER 
DDA Council Meeting on Z Transforms and 


DART. 651 


The Journal of 
THE SOUTHERN CALIFORNIA METER ASSOCIATION 


Eliminating Noise At Gas Meter Stations. 661 


Rk. C. LIsK—rumble, howl and hizh can not only short 
en life of equipment, but also tempers of neighbor 


OTHER REGULAR FEATURES 





INSTRUMENTS PUBLISHING COMPANY. 
publishers to the Instruments and Automation 
Industry with four publications: 
INSTRUMENTS AND AUTOMATION 
INSTRUMENT & APPARATUS NEWS 
MILITARY AUTOMATION 
MEDICAL ELECTRONICS NEWS 


DISTRICT OFFICES 


Boston 16 Mass 
Chicago 6 | 

Dallas, Texas 

Kansas City 6, Missour 
Los Ange es 32 Calif 
New York 17, N. Y 


Philadelphia, Pa 





, 


ring 
. Office 





BETTER CONTROL WITH 
LESS MAINTENANCE ! 


Conoflow LB Control Valves are unequalled 
for positioning accuracy, power output, 
speed of response and stability. Yet 
years of operation have proved that they 
require much less maintenance than ordi- 
nary control valves. 


Check these features: 


IN THE ACTUATOR... 


\ Cylinder Conomotor piston-type actu- 
ator gives 10 to 20 times more power 
than comparable diaphragm motors. 


New lipseal piston-sealing rings will 
last indefinitely under normal operat- 
ing conditions, thus eliminating the 
problem of diaphragm replacement — 
the main troublespot in diaphragm- 
type actuators, 





Weatherproof, integral valve posi- 
tioner affords easy zero adjustment; 
has no exposed moving parts. 





THE BODY... 
Single-seated split body designed to 
streamline flow; eliminates cavitational 
effects and concentrates pressure drop 
at port opening. 





Integral bonnet does away with leak- 
age at joints; assures positive stem 
alignment. 

A really renewable seat ring; no 
screwed or threaded insertions to 
corrode. 


IN THE OVERALL DESIGN... 

Conoflow LB valves give you the best performance characteristics available 
in any control valve today ... and in a lightweight and compact unit 
allowing for easier installation and reduced overall space requirements. 
If you are not already a Conoflow customer write for Bulletin LB-2-A or for 
the name of the ConoControls representative nearest you. Conoflow 
Corporation, 2100 Arch Street, Philadelphia 3, Pa. 


CONOFLOW 


CORPORATION 


FOREMOST 
IN FINAL CONTROL ELEMENTS 


mo mmquiry card. 





Control 





Model 912 


Operates over 
Wire Circuit 
or Microwave 


Reliable 
HIGH-SPEED 


Continuous 3" <i 


oOntains 


s ‘ \ } | wer sul 1 ly 

Control shich provi an addi 
of { i a ‘ sees: iach 
PUMPS is for the opera 
VALVES relays, stepping 
MOTORS witches, I romag 
GENERATORS =|; nd other compo 
RELAYS nents used telemeter 
ETC. ing ntr and tele 


lude d 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control 
telemetering of communicotions 


problem Phone DEerfield 4-3100 


Write for Technical and Application Data. 


Kadio Frequency 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 
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to the editor 


kidlitor, Ik 1 


Referring to vour January issue of 
Instruments and Automation. you 
point out some very essential facts. 
Whole problem of) systems 
and vour comments cet 


and the 
eneineering 
tainly justify. the 
tion of evervbody in this field. 


serious considera- 


hucene Mittelmann 
Consultant 
Chicago. Tl. 


kidditor. lA { 

We all enpoved: tren 
S, hardware whieh 
ippeared ino a current issue. Tf this 
has become the philosophy of your 


‘ndoush vour 


survey of systems \ 


house. as believe has from the 
lead editorial, we must also pass 
along mans compliments with oreat 
hopes for the future 

We would like to make 


this among our chents and would ap- 


rritle h of 


preciate itif vou could send us copies 
of the entire issue 
Ht alter p: H erhos 
ice President 
Harry 2. Bridge Co. 
Phiia.. Pa 


kditor, T&M 


Your entire 
notable for its realistic approach to 
the problem of “Systems or Hard. 
ware?” in pointing out the dangers 


January issue is 


advantages of “the 
Your issue is of 
ke Cnthar 


as well as the 
systems approach,” 
great value to our industry. 
mists examining this industry have 
pointed out that it is not highly 

profitable he 
cause too much service is given away 
in selling the product. As vour edi 
torial points out. this is a matter of 


or even. sufficiently 


concern to the customers as well 
to the suppliers. 

The suggestion in vour editorial. 
Engineering Council 
mutual protection of the 
manufacturer and— the 
is a worthy one 
Perhap- 
there were an 


of oa Svstems 
for the 
“hardware” 
s\stems engineer. 
if it ean be made to work 
it could be if) onls 
easily defined distinetion between the 
application engineering logically pro- 
vided by the and. the 
systems engineering logically pro 
vided by the paid consultant. As I 
read it. vour magazine attempts to 
discriminate between the two on the 
basis that the 


manufacturer 


application engineer 





electric 
motion 
control 
facts 
FOR 


IDEA 
MEN 


Touch-a-button speed 
changes through 
electric 
clutch-couplings 











Ten Warner electric clutch-couplings are 
“automatic power links” in this precision 
instrument for measuring and recording high- 
trequency phenomena. In the power trans 

nission (below) they control recording speeds 
In the magazine they control rate of flow of 
photosensitive paper. Functioning by elec- 
tromagnetic attraction of armature and field 
the transmission clutch-couplings permit 
remote selection of recording speeds from 
3 co 400 ipm without stopping to shift gears 


TO TRIP Lever GOVERNOR 


TO DRIVE MOTOR MAGATINE 


SUPPLY ROLL 


ORIVE ROLL 


TAKE UP 


TAKE UP ROLL 
motor u 


Three pairs of clutch-couplings (A to F) 
used in the transmission gear train. Use of 
clutches A and B provides 2:1 reduction; C 
and D, 4:1 reduction; E and F, 16:1 reduc- 
tion. Clutch G, coupled to the main drive 
through a gear set, controls length of paper 
to be run tor recording. Clutch H couples 
the main drive to the hea songy shatt when a 
high recording rate requires faster accelera 
uon of take-up roll rotation than possible 
with the small rewind moror alone. Clutch 
couplings I and J couple main drive and 
take-up shafts to their respective rolls. Brake 
K ra s the supply roll and keeps it from 
inwinding when machine power 1s cut off 
by the governor 

Use of Warner electric clutch-couplings 
simplifies removal of the magazine for dark 
room processing of recording paper. All the 
operator has to do ts de-energize the field 
unlock the magazine case, and slide the arma 
tures away from the fields and rotors. 


Warner 
Stationary- 
Field 
Electric 
Clutches 


second operation and 

cycling, indexing, pr 

trol are design advé 

th Warner electric Clutches and clutch-couplings. 
pal ines up to 100 hp. 


Send for more IDEAS: Wa:ner will sen 


application sheets showing how machines in your in- 


recise control for aut 
wmoning, of tension con 


ances you Can give your Customers 


Yyou 


y were made more profitable, easier to control, 


ler to maintain. 


ELECTRIC BRAKES 
AND CLUTCHES 


Warner Electric Brake & Clutch Co., Dept. 1!A-4 
Beloit, Wisconsin 
8 





largely confines his endeavors to ap- 
plying his company’s standard prod 
ucts and that his effort) is limited 
by the value of the products involved. 
Unquestionably. this is the way it 
should be. Unfortunately. TP dont 
think this is the way it really ts. 

Having had some experience as 
an application engineer. Tean assure 
vou he generally is) less) concerned 
with using the standard products of 
his company than he is in satisfying 
the needs of his customer. Ask the 
Production Manager of any. instru: 
ment company: he will tell vou that 
no self-respecting application engi- 
neer will use a standard unit: when 
he can substitute a special. It’s more 
fun that wavy. 

Nor does the application engineet 
stop when the cost of his time equals 
the normal profit on the “hardware” 
involved. The sales engineer has told 
him that af this) first installation 
works out. he can sell TO more in his 
own territory and could sell 200 
more if he only had Joe Smith's 
territory. Such potential justifies 
spending time all out of proportion 
to the value of the equipment. oln- 
fortunately. the process becomes 
obsolete before the problems are 
worked out. so the potential has 
disappeared because the application 
engineer took too much time. | 

Where. then. should the work of 
the application engineer leave off and 
the work of the svstems engineer be 
em? 
more time and talent to expend. That 
is his stock in trade. for whieh he 


True. the systems engineer has 


is. for should hes paid. Prue. the 
sVstems engineer ds at fiberty either 
to redesign the instrument system ot 
the plant in order toe optimize the 
process. However. the application 
engineer has equal freedom within 
the Jimits of his talents and the 
policy (or lack of poliev) of his 
company. Ino other words. between 
the blue of pure application engi- 
neerig and the vellow of pure 
~ystems engineering. there is a huge 
area of green and the green always 
looks erassiel on the other fellow ’s 
~ide of the fence. 

The problem is that our industry 
does not sell “hardware.” We sell a 
highly technical product) one that 
requires much engineering time and 
talent both in designing it to suit 
the users’ general requirements and 
in applying or adapting it to meet his 
~pecified needs. The object is to do 
the very best job of meeting these 
requirements and needs (to satisfy 
the customer). or to surpass them 
(to outdistance competition). The 
job of satisfying customers and out- 
distancing competition is basie with 
us sales people: at what point should 


Continued on page 568 
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For those jobs, only a manometer can do... 


When you're faced with precision calibration, production checks 
of other accurate instruments, or any kind of laboratory pressure 
work ...in fact, any time you need better than 0.1% accuracy 
that's the time to add a W&T precision mercurial manometer. 


Rapid readout with the magnified magnetic vernier makes 
exact pressure readings easy. All ‘round leveling, temperature 
compensation and gravity correction are included, of course. 


range: 0 to 31.50 inches Hg., or any other desired pressure 
unit of equivalent range. 
accuracy: 1/5000 over full scale. 


For full information on all models of W&T pre- 
cision mercurial manometers, write Dept. A-121.00. 


WALLACE & TIERNAN INCORPORATED 





25 MAIN STREET. BELLEVILLE 9.NEW JERSEY 





Write for Bulletin E-37 


$7 


E. R. P. CATHODIC PROTECTION 
-- INDIVIDUALLY DESIGNED 
FOR EACH APPLICATION 


ELECTRO RuUST- PROOFING 
CORPORATION 
30 MAIN STREET. BELLEVILLE 9.N. J. 
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Exactel Instrument Company 
5545 Eva Avenue 
Los Altos, California 


PRECISION OF A MANOMETER — UTILITY A SERVO 


© 10 


EXACT EL, 
SERVOMANOMETER* 


Application Notes 


Servomanometer at 
Vallecitos Atomic Laboratory 


An Exactel Servomanometer 
inset) at the General 
Electric Vallecitos Atomic 
Laboratory is used for precise 
measurement of the height of 
the water which controls the 
reactivity of the Dresden 
Critical Assembly Reactor. 


The tube of the Servomano- 
meter is connected to the 
tank so that the same water 
level exists in the manometer 
tube. The instrument operates 
adjacent to the reactor and 
transmits the level to the 
control room. 


Exactel Bulletin 500 sent 

on request — Describes 
Servomanometer use and 
theory, together with specifi- 
cations on 38 standard models 
in ranges of 32-120 inches. 
*Trade name of the 


Exactel Instrument Company 


DOMOTOR DOES MORE in tre 


ACCURATE, AUTOMATIC CONTROL OF 


HARD-TO-HANDLE 


FLUIDS 


Is your problem the precise 
control of erosive and corrosive 
fluids at high or low temperatures? 


If so, investigate the ANNIN DOMOTOR 
control valve, wherein internally con- 
trolled differential pressures, acting 


DOMOTOR 
Control Valve 


across a sealed-in piston, provide the 


motive power for operation. The 
DOMOTOR combines powerful valve 
action with exceptional stability, greater 
plug travel and guaranteed positioning 


accuracy of |] 


1000 of valve travel. 


Standard models withstand pressures 


Other models by Annin — 
Sclenoid-operated, Mode! 1520 
Handwhee! Valve, Figure 15 


from 


THE ANNIN COMPANY 


Div. of The Annin Corporation 
1040 S. Vail Avenue 
Montebello, California 


Instrument & Au 


fomatior 


to 5,000 psi with special applications 
to 50,000 psi. Effective temperatures 


425°F to 1600°F. 


Write today for Catalog 1500B 
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LETTERS —CONTINUED 


we turn the job over to the systems 
engineer? You will say this should 
he done at the point where the job 





heeins te vield a loss instead of a 


profit. But is this point: predictable 
discernible 7 


OF CvEen 

There is. 
need for the 
today’s highly complicated tech 
nology. He is a consultant and should 


of course. a tremendous 


s\stems engineer in 


adequately for services 


consultants are 


he paid 
rendered just) as 
paid in any other field. Tt is a mis 
that. as vout 
~Vsteris 


fortune of our industry 
editorial points out. many 
engineers must resort to manubacture 
in order to make a livelihood. What. 
wrong? The that 
ment. are too compl ¢ ated and dont 


trouble is instru 


enough. Tt just) doesnt seem 
right te pas 
thousand dollars to 


five thousand dollar 


cost 
a osvstems engineer ten 
recommend =a 
control system. 
Few users vet appreciate that the 
added ten thousand dollars may make 
the difference between profit ana 
loss for his one hundred thousane 
dollar plant. Tt would be different i 
selling 
the one dollar 
plant then the ten thousand dollars 


additional look ~O) 


Perhaps because of their fundamen: 


we were in the business of 


hundred = thousand 


wouldnt large 
tally low cost. the real value of instru 
ments is not vet appreciated, 

Of course. there is much more te 
about the and its 


he said situation 


causes, Lo for one. certainly do not 
Anvthing vou can 
further the 


January 


know the answers. 
do lo 
so ably presented im Vout 


promote ol ile as 


issue will certainly be appreciated 
by all. The users. will of course. gain 
most. They have great opportunities 
for improvement of their processes 
by the new ideas and new instruments 
(not the least of which are electron 
that are available to them 
thes 
these services on a realistie 
Karl We. Peterson 
Sales Manager 


Vanning Maxwell & 


Danhury. Conn, 


controls 


should choose to investigate 


basis. 


Voore Ine 


Editor. 1& 1: 


Your January 1958 1&4 editorial 
“Systems or Hardware” sure calls out 
what is holding back system deyvelop- 
ment in the process industries. Name- 
Iv: 

lL. ‘To sell their 

manufacturers 


wares, component 
dabble in 


brought 


=\sterus. 
which so far has therm 
mainly red ink. 

) 


butter. try their hand at component 


Systems men. for bread-and- 





sales. Usually a wrong move for 
novice product pushers. 
3. The poor customer doesn’t know 
what to do. because systems men 
sell stuff. and hardware merchants 
claim to set up systems too. So he 
either buys a proprietary package. 
or just plain doesn't buy. 

kveryv one takes a beating and the 
state of systems art suffers. because 
there is ne policy as te who makes. 
who plans. and who uses. 

Over-simplified, the materials men 
should stick to manufacturing their 
line. and) applications engineering. 
The svStems men Ceither on the users 
pavroll or free-lanee consultants} 
would pick the best components and 
systems to do the job. They would 
have no ties with vendors. The cus- 
tomer should demand that) compon- 
ents not carry built-in engineering 
costs. for he should know enough to 
rely oon “pure” evetems men for svs- 
tem desien. 

“Pree engineering is the kernel of 
what causes the trouble — depending 
on the hardware vendor for svstem 
design leads to a patent medicine 
system rather than a prescription sv-s- 
tem. Free air and windshield wiping 
is okay for a eas station. But how ean 
systems engineering be “free” when 
it can cost much more than the worth 
of the parts 7 

Other professions have proved that 
the man who sells a “thing” must not 
he he whe spec iffes when and where 
it is to be used. What would vou 
think of a pharmacist who wraps free 
medical diagnosis with his pills? Or 
an oldtime quack M.D. who peddles 
his pet elixir? Not until the apothe- 
eary and physician each assumed 
their separate roles of compounder 
and adviser. respectively. did the 
two professions achieve high status. 
and the patient cured rather than 
killed. The analogy is obvious. 

It has been proved by architects 
and engineers allied with the con- 
struction industry that a professional 
unbiased middle-man = is needed. to 
match the impedance between the 
supplier and user of materials. No 
longer do boiler manufacturers plan 
heating svstems. or the electrical con- 
tractors plan the wiring. The building 
customer now knows enough to sepa- 
rate materials from “system” design. 
and depends on his impartial archi- 
tect and consulting engineers. The 
builder wouldn't go fora lumber vard 
that tried to price plans along with 
planks. This is more than can be said 
about some sy tems customers. who 
look for the easv wav. and seem to 
want a package deal as well as a pack- 
aved system. 

[It is our experience that the fabrt- 
eating industries. for whom we are 
automation system consultants. are 


Continued on page 571 


SHALLCROSS MANUFACTURING COMP 


RESISTANCE 
NETWORKS 


Maintain Precise 


Voltage/Current Ratios 


In missiles, computers, instruments .. . in ac or 
de circuits . . . wherever voltage or current must 
be adjusted within close limits .. . Shallcross Net- 
works provide accuracy and dependability. 


FROM A RELIABILITY STANDPOINT, use of sealed 
networks is recommended in preference to indi- 
vidual resistors to eliminate harmful preventive 
maintenance. In field servicing the technician is 
often not aware of the precise T.C. and reactance 
matching of otherwise seemingly ordinary MIL 
resistors. In addition to special winding tech- 
niques the individual resistors in critical networks 
are usually stabilized. Replacement of any resistor 
with a standard MIL type could cause equipment 
malfunction, and must be prevented. 


FROM A DESIGN STANDPOINT Shallcross’ skill 
and ability assure adherence to the most exacting 
temperature, stability, shock, size, and weight 
requirements. Shallcross precision engineered 
networks have proven effective both in ground- 
based and airborne equipment. 

Two typical Shallcross resistance networks are 
described below. Many others with specialized 
electrical and mechanical characteristics are reg- 
ularly manufactured. 


SECONDARY-STANDARD VOLTAGE REFERENCE SOURCE 
is built around this 24 terminal Shallcross resistance 
network Using an oil-filled enclosed network of 21 
matched T.C. resistors with stabilities of 0.001%, the 
instrument maintains an absolute accuracy of 0.01% 
from 0 to 50°C. 


GROUND-SUPPORT COMPUTERS employ a number of 
these hermetically-sealed, standard, octal, plug-in net- 
works. Networks have up to 10 specially wound resistors 
which are critically located and lead-dressed to meet 
specifications at 400 cycles. All units are production 
tested for voltage division accuracy and quadrature error 
using g precise 400 cycle bridge. 
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Q 


ELLER AL ENO LE, ELE LI 


LWP FLAS AESEAL / 


LJ OMT AF 





the most important 
advance in tube 


fittings in years 


BODY OF FITTING END OF TUBE 


Tremendous popularity of steel and 
stainless steel Hi-Seal fittings has led 
many users to request Hi-Seal fittings 
in brass. You wanted them—Imperial 


@ No flaring or 
threading 


®@ Withstands higher 
pressures 


®@ No need to spring 


wade them — new brass Hi-Seal fit- 
tings... plus steel and stainless steel 
fittings so vou can profit from famous 


Hi-Seal advantages . . . like butt- 

joint, close bends, quick assembly 

© Permits closer in the metal best suited to each 
tube bends application. 


tubing 


Final circumferential seal is made 
by tapered edge of sleeve. No tube 
torqueing when making a joint. Can 
be disconnected and reconnected as 4 
often as desired. 


© Fast, foolproof Tube doesn’t enter the body of 
assembly the fitting. It bottoms on shoulder of 


@ Meets J.1.C. and the sleeve. Camming action of the 


A.S.M.E. standards nut causes sleeve to form a collet- 
. Listed by UL type triple-seal grip on the tubing. Write for Bulletin 3061 and complete facts. 


See Your Imperial Distributor 
IMPERIAL 


THE IMPERIAL BRASS MFG. CO. 
6300 W. Howard St. « oe 31, Ill. ¢ In Canada: 18 Hook Ave. 


MOEA LILI G ONLI Res UB is ie aaa 





¢ Toronto Ont. « Dept. 1A-48 @ 
omega. PIA Ie Oa Sa A RS 
F on Fittings circ! 
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IMP ERIAL-otte:s inddstry’s 


most complete line of fittings 
and tools for steel, stainless 
Steel, copper, aluminum and 
plastic tubing. 


a! = 


FLARELESS TYPE FITTINGS 
a POLY-FLO 
rass Brass 


td NYLO-SEAL 
Stainless Steel Nylon 


HI-DUTY ERMETO 
Brass Steel 


Aluminum 


COMPRESSION 
FLEX Brass 
Brass 


FLARED TYPE FITTINGS 


37 FLARE 45 HEAVY DUTY FLARE 
Brass Brass 

Steel 45 FLARE AND INVERTED 
Stainless Steel FLARE Brass 


BRASS PIPE FITTINGS 


PRESSURE HOSE AND REUSABLE 
COUPLINGS 


Rubber Covered, Rayon Braid Hose — for 
low pressures. 

Cotton Covered, Single Wire Braid Hose — 
for medium pressures 

Non-Skive Rubber Covered, Single Wire Braid 
Hose -- for medium pressures 

Rubber Covered, Single Wire Braid Hose — 
for medium pressures 

Rubber Covered, Double Wire Braid Hose — 


for high pressures. 


FLUID CONTROL AND SHUT-OFF VALVES 
Needle Type 

Toggle Type 

Diaphragm Type 

Plug Type 

2,3 and 4-way styles 


TUBE WORKING TOOLS 


CUTTERS 
—~. 


Tube Cutters 
Sawing Vises 


FLARING TOOLS 
45 Flares 

37 Flares 
Double Flares 
TUBE BENDERS 
Lever Type 
Gear Type 
Spring Type 


Reamers 

Swaging Tools 

Test Plugs and Caps 
Refacing Tools 


& klbins of Qeality 





For more in Vaives and Tools 


to natio 2 
circle 14 on inquiry card. 
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just as fouled up in buying systems 
as are. the process industries. Most 
potential clients are so accustomed to 
the “free” design prite h that thes 
don't even know what is meant by 
“consultant.” This brought out out 
brochure. the leading paragraph ot 
which explains what we consultants 
do svstem-wise: 

“Amber & Amber. a Michigan Co- 
Partnership. is an ethieal consulting 
engineering firm. not to be confused 
with manufacturers agents or sales 
representatives. Our role for manu- 
facturing industry is similar to the 
role of consultants in the construction 
industry. who perform objective de- 
siens and investigations for their 
clients. without ties to the contractors 
or material suppliers. Amber & 
Amber always represent the clients. 
recommending the optimum system 
or equipment. regardless of the origin 
of the components.” 

While Tam ordinarily against new 
committees and councils. [can see 
where the “Systems Engineering 
Council” you propose is really 
needed. It would be a right and time- 
ly move to straighten out the trend 
we are all in. So Jets get the Sk 
rolling. Please publish the following 
announcement: well carry the ball 
from there. 

George H. Amber 
Imber \ Amber 
Consulting Engineers 
Detrow 35. Michigan 


An invitation to meet and discuss 
the need for a SYSTEMS ENGINEER- 
ING COUNCIL 


1. WHEREAS systems firms have 
problems unique to their efforts, 
and 

. WHEREAS other companies that 
should be cooperating with sys- 
tems firms are instead competing 
for systems work, and 

. WHEREAS the problems of sys- 
tems engineering are much talked 
about but little understood, and 

. WHEREAS great confusion exists 
regarding the term systems engi- 
neering, and 

. WHEREAS systems firms have 
much to offer both industry and 
equipment manufacturers, and 

. WHEREAS | systems engineering 
personnel have much to offer each 
other, and 

. WHEREAS the existence of a 
SYSTEMS ENGINEERING 
COUNCIL would point the way 
to clarification of all systems 
problems and the effecting of 


cooperation between systems 
firms and all other firms. 


THIS IS A CALL FOR A MEETING 
TO EXAMINE THE NEED AND 
POSSIBILITY OF THE FORMATION 
OF A SYSTEMS ENGINEERING 
COUNCIL. 

All persons engaged or interested 
in systems engineering work, at any 
level, are hereby invited to attend 
this meeting, which will be held at 
the Fourth International Automation 
Exposition, New York City Coliseum, 
June 10, 1958. 2:30 P.M., Room 415, 
Philippines Room. For further details 
contact: 


George H. Amber 
Amber & Amber 
Consulting Engineers 
19925 Schaefer Highway 
Detroit 35, Michigan 


Editor. ISNA: 


Congratulations on the 30th an- 
niversary of /\S4. | trust and hope 
vou enjoy thirty more suceesstul 
vears of serving industry. 

| read with interest vour annivers- 
ary issue on Svstems Engineering. | 
am more than a bit disappointed. 
however. that this issue. did not) in- 
clude an article on the analog com- 
puter. Based on approximately seven 
Vears of personal effort in the Svs- 
tems Eneineering field. | am of the 
opinion that the analog computer is 
the one tool that makes the Systems 
Engineering coneept of practical 
value. 

I would also like to comment on 
the article “Computers in the Pro- 
cess Industries” by Williams. John- 
son. and Rose, | suggest that some of 
the problems associated with the use 
of computers which are discussed in 
this atticle are the primary reasons 
why analog computers have such a 
bright future in the processing  in- 
dustries. The one example of the use 
of analog computers has an incorrect 
statement regarding the amount of 
equipment required. This exact simu- 
lation has been repeated at our Com- 
putation Center in Princeton, N. J. 
and required two amplifiers and one 
servo multiplier per distillation 
column. plate. 

| suggest the oversight of omitting 
the analog story in your January 
issue is worthy of editorial comment. 


€: W, Worley. Vanager 
Varket Development Section 
Electronic Associates 

Long Branch, N. J. 


For three full years, 1&A has been 
pleading editorially and showing 
technically that SIMULATION is the 


Continued on page 572 
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is this the missing component } 
in your instrumentation 


AVIATION 


HALIFAX 
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AVIATION ELECTRIC’S NEW BALL RESOLVER 


A new miniature cal ulator that has many applications 
in the general field of eneimeerme design is currently bem, 
manufactured by Aviation Electric Limited of Montreal. 
Phe unit dlustrated is bere used with great suceess in 


Canada for the automatic calculation of sine. cosine and 


tunevents dna advanced navi@ational SV STEMS. Compact and 


hehe im wereht. this resolver offers great accuracy of 


performance under the most rleorous Conditions. 


Based on a 19th century invention, the principle 
behind the new resolver is remarkable in ats) simplicity. 
Aviation Flectric enegimeers. however. had to overcome 
many difficulties of design to develop a miniaturized 
tnstrument capable of instantaneous and contimuots 
calculations to an accuracy greater than 0.37, under 
conditions of great: stress, with a temperature variation 
from +160°R. to —65°F. 


Miniature resolvers are destined to play an important 
part im guided missile control and future technological 
advances of many kinds. Aviation Electric will be glad to 
discuss the application of this new bali resolver to your 
Instrumentation problems and. if necessary, to design an 


entirely new tint for your purposes, 


kor further details and illustrated literature write tor 


Li M/i T E D 
200 LAURENTIEN BLVD., MONTREAL 


¢ MONTREAL + OTTAWA + TORONTO «+ CALGARY + VANCOUVER 


24 


ELECTRIC 
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key to systems analysis. We publish 
the Simulation Council Newsletter 
every month so that industry can 
learn how analog computers are being 
used. Our systems issue was designed 
to show how far from reality is that 
systems concept which is NOT based 
on a simulatable process. Nobody has 
done more to advance the cause of 
simulation in industry than has I&A, 
as the record shows. 





Reader Inquiries 


Transistorized Power Supply 


Design engineer of development en 
yineering company is seeking tran 
sistorized power supply with input 
voltage 6 to 12 volts de; output volt 
age 450 volts de; and enough power 
to charge 1050 «af capacitance in 
maximum of 15 seconds, 


Photo-sensitive 
Aluminum Foil 


Engineer with atomic power con- 
tracting Company desires information 
of company which can supply photo 
sensitive aluminum foil. 4-306 


Centrifugal Switeh 


President of lime works is seeking 
“alarm switch to indicate Immediately 
the stopping of a rotating shaft.” 


4-307 


Spin Test Unit 


Purchasing avent of turbine manu- 
facturer Wishes to receive information 
on complete units for testing turbine 


discs, A-30% 


Automatic Laboratory 
Balance 


Manager of laboratory in Austra 
lian sugar refinery is seeking source 
of supply for automatic laboratory 
balance used in) chemical analysis. 

A-309 


Clamp-on 
Ammeter for DC 


Publisher’s researcher is interested 
in obtaining of manufacturers of d-c 
type clamp-on ammeters. A-310 


Adhesion of Enamel 
Coatings 


Exporter is seeking source of sup- 
ply of instrument which determines 
strength of adhesion of enamel coat- 
ing to metal base. Purportedly has 
needle shaped feelers to ‘determine 
number of electric-circuit closing.” 

A-311 





JUST AS GREAT 
| 
EITHER SHAPE 


the same big 

benefits you get in the 
Type 401 Bench Model 
are in rack- 

mounting form 


Identical in every electrical respect to its industry 
standard counterpart, the 401-R is physically 
rearranged for insertion into standard 19” relay racks. 
For quantitative and qualitative studies within 

the de to 100 ke bandwidth, the 401-R offers 
important advantages in an easy-to-use configuration 
for panel operation. Some of these features... 

not available in other rack niountable units... are: 


X and Y amplifiers identical in all respects. 

Less than 3° phase shift between amplifiers at 100 kc. 
Even less phase shift at lower frequencies. 

Complete flexibility of syne control. Will sync from 
either positive or negative signals. 

Driven or recurrent sweeps available from front panel. 





Fast sweep — down to 10 us inch. 

Specified linearity — any 10% increment of on-screen 
display is within 10% of any other increment. 

S5ADP cathode-ray tube for maximum light output 

at its 3 kv accelerating potential. No spot 

“blooming” with increases in brightness intensity. 
Direct access to deflection plates by 

terminals brought out at rear. 

Only 110 watt power consumption. 

“Channelized” controls. No doubled-up sweep 


and amplifier controls. 
PRICE $495°° 























Write for complete details 
Instrument Division 


ALLEN B. DU MONT LABORATORIES INC. CLIFTON, N.J., U.S.A. 


information circle 16 on inquiry card. 
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® Ranges: 20°, 50”, 
100”, 200". 

¢ Forged construction 
in Type 316 stainless 
or carbon steel. 

® Round or rectangu- 
lar cases. 


How It Works 

In schematic drawing at right, areas shown in color represent 
a stable, non-freezing liquid. Any pressure increase in the high 
pressure chamber compresses Diaphragm Unit A, displacing 
its liquid and expanding Diaphragm Unit B until force of 
Range Spring C equals the difference between the forces on 
Diaphragm Units A and B, Linear motion of Diaphragm Unit B 
moves inner end of Drive Bar D — outer end moves 
correspondingly through the bellows-sealed flexure bar, 
driving pen arm. Built-in Temperature Compensator (E) 
proportionately adjusts diaphragm capacity as ambient 
temperature variations affect volume of filling fluid. External 
damping adjustment is shown at F. 




















-complete overrange 





protection! 





esustained high 
accuracy / 






Now you can have mercuryless flow measurement 
for a wide range of differential pressures — at static pressures up to 
2000 psi — with greater safety and dependability than ever before! 

The new Foxboro Type 37 Diaphragm Meter not only 
combines unmatched ruggedness and precision in a dry meter 
— it's by far the easiest to adjust and maintain. 
And it does away with zero drift problems, once and for all! 
Expansible, Type 316 S.S. diaphragm elements 



































respond to changes in pressure with unmatched sensitivity, yet are Exclusive 
completely immune to overrange up to full static Diaphragm Elements 
pressure! A unique packless drive bar precisely transmits Type 316 S.S. diaphragm units in both 
linear motion to the pen arm. Range-changing is easy, aiioredoatin 
due to new twin-spiral spring design. Wide range damping is hysteresis; nesting design and integral 
: , ; ps emighaetch whl ves positive, over- 
externally adjustable under pressure. And the Type 37 is side pecteciion. oaaoeee 
self-compensating for temperature changes in all differential ranges. soites CK) fs hath ne dhagphrwone 
Get full details on this high utility, completely dependable pep: A A api requires change 





dry flow meter. Arrange for a demonstration with your 
nearby Foxboro Field Engineer, or write 
The Foxboro Company, 464 Neponset Ave., Foxboro, Mass., U.S.A. 











FOXBORO 


FIRST IN FLOW METERING 


Forr 











Exclusive 
Range Springs 


Heavy gauge Ni-Span C alloy, twin-spiral 
springs provide high sensitivity with 

lasting accuracy. Readily accessible ... 
range changes are easily made, in minutes | 














s linear 
motion to the pen arm with unequalled 
sensitivity and undiminished power. Seal 
{ox erure pivot ec tough lable ballows, 





a LOT of Relay 
ina 
little space 


- fe ‘ Beate, New Class ‘'E"’ Relay 
This latest Automatic Electric achievement com- measures only 
? ‘ . se $69 . : 2M" Ku 1M" x 1M,” 

pacts all the features of the famous Class B ‘Telay Pes Nag ai. 
in minimum space and weight—with no sacrifice of 17%,” (10 springs) 
quality or ruggedness. 

LOOK AT THE IMPORTANT FEATURES 

THIS NEW CLASS “E" OFFERS: 


e miniaturized; telephone-style base mounting for rear- 
connected wiring # heavy-thickness armature arms 
prevent loss of stroke with large pileups ¢ heavy-duty 
backstop that won't break or wear out # adequate terminal 
clearances for easy wiring © long-life, lubricant-retaining 
bearing arranged to provide a visual check of the heel- 
piece airline setting without disturbing the adjustment 
twin contacts standard; all springs bifurcated for maxi- 
mum independence @ sturdy, strain-relieved heelpiece 
insures stability of adjustment 


Class“‘E'' Relays are avallable 
In the following series: 
EQA—Quick Acting ESA—Sliow Acting* 
ESO—Slow Operate EFA—Alternating Current 
ESR—Slow Release EMS~—Snap Action Contacts 
*slow operate and slow release 
Class “E''Relays can be supplied plug-mounted 
(with or without cover) or hermetically sealed (max- 
imum 4 springs per pileup) in enclosure AE-3300. 
° . ° 99% pure isn't pure enough the relay iron we use at Automatic 
For more information, call or write Automatic Electric must meet specifications of 99.8% purity, including, for 
Electric Sales Corporation, Masthlake. Miaois Jn example, carbon content limit of .02. To obtain highest magnetic 
4 : . permeability, material is treated for periods up to 7 hours in roller 
Canada: Automatic Electric Sales (Canada) Ltd., hearth annealing furnaces. Highest standards of quality control insure 
Toronto. Offices in principal cities. the well-known dependability of AE Relays and Switches. 


AUTOMATIC ELECTRIC 


setsitryot GENERAL TELEPHONE 
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trends 





report on Australian instrument industry: Most instrument makers are 
represented. But, while the American companies can do a small special 
business, the currency keeps them out. Three small firms make switch- 
board instruments but nobody makes temperature controllers. Time seems 
ripe for a start, but it would have to be on some percentage basis with 
an existing Australian Company. Industry is growing and they seem to 
make almost everything except control instruments. 














Report on Turkish Instrument Market: Turkey imports all instru- 
ments, industrial and scientific. One factory is being started to 
make water meters and gas meters. Watt-hour meters come from 
Austria, Yugoslavia or Germany. 





Report on Israel instrument industry: No instrument manufacturing indus- 
try yet exists, but a great deal of industrial activity and interest in 
instrumentation. 





More than 420 international scientific conferences were held in 
1957, with an increasing number being scheduled for Moscow. U. S. 
ban on Red Chinese and other Communist scientists is causing groups 
to shun U. S. as meeting place, to choose Paris, Rome, or Moscow. 





Total annual instrument market represented by U. S. Colleges and univer- 
sities offering physics majors is probably not less than $2 million, re- 
ports Committee on Apparatus for Educational Institutions of the 
American Association of Physics Teachers, which says that there are 
about 540 institutions in the United States which offer a physics major. 
To this market must be added potential sales to junior colleges and 
other institutions (of which perhaps 500 offer introductory courses in 
physics), sales to high schools, and sales of apparatus for general edu- 
cation courses. 








Dept. of Health, Education and Welfare reports that from 1951 to 
1955, average expenditures for elementary and high school education 
was about $9 billion per year, whereas $14 billion per year are 
needed only to maintain present standards in facilities, teachers 
pay, and number of teachers per pupil. 








Lag in U. S. Apprentice Training threatens nation. Number training now 
(260,000) isn't even enough to replace journeymen who will retire or die 
next year, much less fill new needs of growing industry. 





Instruments and related products industry employed 297,000 workers in 
1956 compared to 283,000 in 1955; value added by manufacture in 
1956 was $2.67 billion; compared to $2.37 billion in 1955—reports 
Department of Commerce in 1956 Census of Manufactures. 
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In this 








Honeywell Valves pass tougher tests 
than you'll ever give them 


In this brand-new Honeywell lab, 
test and inspection procedures are 
developed to insure the quality you 
must have in your control valves. 
Here, valves stand up under rigorous 
tests ... far tougher than any test- 
ing you'll put them through. 


Honeywell Quality Control Valves... 
sold and serviced in your local area 
... are available in a wide range of 


sizes and styles for use in process 
instrumentation, 


Next time you need control valves 
. ..why not do as others are doing? 
Call your local Honeywell field engi- 
neer... he’s as near as your phone 

. or write for literature and deliv- 
ery information. 


MINNEAPOLIS- HONEYWELL, Fort 
Washington, Pennsylvania. 


Honeywell 
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MANUAL RESET 


46% 


Electrically tripped on oases “Free handle ba in off 
Bulletin 8015 Bulletin 8025 Bulletin 
one source for the a 


most ey line . A =I 7 


‘ 
2 
v 
\ Low pressure General purpose Steam 
Bulletin 8030 Bulletin B210A Bulietin 6222 


When you discuss solenoid valve requirements with an 
ASCO Engineer, you are benefiting from the design and 


development experience of half a century. The ASCO special- 
ist can recommend the right valve for your needs because 
that leadership has resulted in the more than 1300 types of “—: } 


TWO WAY — SMALL PORTED 


solenoid valves now available: 


Two way valves in pipe sizes from 1%” to 6” — for 
q 3 * Midget general purpose Fuel oi! and gas Explosion proof 
temperatures to 600° F. — for pressures to 1500 pss.i. Bulletin 8262 Bulletin 8268 2 


Bullet 


Three way valves in pipe sizes from 1%” to 6” — for THREE WAY 


temperatures to 450° F. — for pressures to 1000 pss.i. 

Four way valves in pipe sizes from 14” to 114” — for ; 

temperatures to 212° F.— for pressures to 500 p.s.i. 

— poppet or slide type. j “~ 


And ASCO can supply you with standard, explosion-proof Piked coekead Ge Mesheians 
or water tight enclosures— Class A and Class H coils—a wide Batlettn 8300 Binenn Gee meee 
range of body materials including cast iron, brass, bronze 
and stainless steel. 
There's one source that solves virtually any solenoid valve 
problem— ASCO. Why not have the ASCO Engineer call—or 
write for your copy of ASCO Solenoid Valve Catalog No. 201. 
aie 


Single sotenoie Oual solenoic Widget, general purpose 
Bullet Bulietin 8344 Bulletin 8345 


CORROSION RESISTANT 


g 


Cylinder operated, Saunders body Compact Saunders Airs 


Three way 
Bulletin 8336 Specia! Bulletin Specia! Butietin 8300 


PILOT CONTROLLED 


I: 


Water and gas Expansible sieeve Steam 
Bulletin 8333 pans Ba31 Bulletin 8335 Bulletin 8334 


"ac Sag | Automatic Switch Co. 
¢ | - ; 52-F Hanover Road, Florham Park, New Jersey 


FRontier 7-4600 


| 
i 
{ 
} 


Sanitary Pressure operated, manual reset | Buik loading, electrical interlock Orain v 
Bulletin Py 7? Bulletin 8035 Bulletin 8023 Bul etin 8&3. s 
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Weather-proof construction 


stymies erosion 


and corrosion 


Complete protection against erosion and corrosion 
is built into American Bi-Metal Thermometers. so 
you can always be sure of accurate temperature 
measurement. Both case and bezel are stainless 


steel. precisely fitted and gasketed to insure snug 





mating. Whatever the weather. rain. sand, dust. 


dirt. fumes and frost are sealed out by a heat-resist- 





ant gasket between case and thick cover glass 


The stem of the American Bi-Metal Thermome- 





ter Is mirror-smecoth stainless steel. All joints are 
solidly welded. Top resistance to corrosion ts 
teamed with strength, rigidity and tight closure 
against process pressures, 

Weather-proof American Bi-Metal Thermome- 


ters are noted for high sustained accuracy and long 





service life. There are mounting styles, dial sizes, 
temperature ranges and stem lengths to meet your 


needs exactly. Ask your industrial supply distribu- 





tor for help in proper selection 





American Bi-Metal Thermometer 
with weather-proof stainless 
steel construction 








me AMERICAN INDUSTRIAL THERMOMETERS 


A product of 
M 


MANNING, MAXWELL & MOORE, INC. 
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MANNING 
INI IYOOW 9 


Consolidated Ashcroft Hancock Division « Stratford, Connecticut 








In Canada: Manning, Maxwell & Moore of Canada, Lid., Galt, Ontario 
@ 21 on inguiry card. 





THOMAS A. 


resistance temperature 
detectors are 
miniaturized for fast 
response-sensitivity 


The small dimensions of these temperature detectors give them their fast response 
characteristics. Minute temperature variations are registered within two seconds —a de- 
tection sensitivity which matches the performance of delicate laboratory thermocouples. 


Edison research facilities have made possible the development of this and many 
other special purpose detectors to new engineering standards. 


Designed to measure oil film temperatures, these units have been miniaturized to 
the point where they can be positioned in direct contact with bearing oil film in a 
wide variety of applications. 


For complete information on Edison Resistance Temperature Detectors, write for Bulletin No. 3016. 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


24 LAKESIDE AVENUE, WEST ORANGE, N. J. 


mation circle 22 on inquiry card 
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IXA Readers to Get Full 


Coverage of Overseas 


Instrumentation Developments 


PITTSBURGH. PA.- Readers of IXA always have en- 
joved this country’s best reporting service on new prod: 
ucts and new literature ithe New Product and New Lit- 
erature sections of IXA are more complete than those of 
all other instrument journals in this country combined). 
Plans have now been made for equally comprehensive 
coverage of overseas developments. 

Last fall. publisher Rimbach traveled to Europe and 
met with the editors of a number of instrumentation and 
automation magazines abroad, Reciprocal arrangements 
have now been concluded with the editors of overseas 
publications listed here. Each will be on the lookout for 
information in his field. and act as foreign correspond: 
ent for Instruments & Automation in his respective 


country: 
Dr. Jan Obalski. Editor. Pomiary-dutomatyka-Kontrola 
Dr. Antonio Barbiere. Editor. Revista Strumentazione e 


4utomazione 
Dr. Hans Sartorius. Editor. Regelungstechnik 


Leo Brandenberger. Editor. Archiv fuer Technisches Mes? 


sen and Industrielle Messtechnih 
Dr. Jean V irie, Editor. Vesures A Controle Industriel 
Dr. Vladimir Muljevic. Professor of Electrical Engineer- 
ing, University of Zagreb 
J. T. Miller. Editor. /nstrument Practice 
This will provide an increased service to our readers. 
Valuable research and other data in the field of instru- 
mentation and automation appear in foreign periodicals 
in this field. As a further service to IQA readers, the In- 
struments Publishing Company has arranged to accept 
-ubseriptions for the following publications: 


Vesures & Controle Industriel 


(French) monthly $10.00 per annum 


Regelungstechnik (German) monthly $12.00) per annum 


{rehir fuer Technise hes Vessen and 
Industrielle Messtechnih 


(German) monthly <10.00 


annum 


Strumentazione e Automazione 


(Italian) monthly L =} 4.00 


annum 


Pomiary-Automatyka-Aontrola 


(Polish) SO.00 annum 


Color-coded Panel 

ryy ° ‘ ere 

Tubing Standard Proposed 
PITTSBI RGH. PA. \ new issue of ISA Recom- 

mended Practices suggests color coding of pneumatis 

tubing on instrument panels. In essence the code urged 

for industry-wide adoption is: air supply—-red; seal 


purple; set—black; alarm—-green; readout blue: trans- 
mitted—--orange; controlled yellow: all others —natural., 
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Revolutionary New Electronic 
( somponents 


PITESBURGH. PAL The electronic world is pre 


eressing fast. Here are five “basie” developments: 


e@ BELL LABS reports from New York: A new ex 
perimental device. known as the field-effect varistor. is 
a passive semiconductor component with constant-cut 
rent feature and very high a-c impedance, Closely re- 
lated to the field-effect transistor it) contains ao single 
planar junction which is achieved by diffusion 


e GENERAL ELECTRIC reports from Sv henectads : 
\ new titanium-ceramic electron tube. not much larger 
than a shirt button. that operates up toe P5000 F and 
contains no heater Cheat is provided by environment !, 


HIGH CONDUCT ViTY 
METALLIC OnMIC 
MAGNETIC FIELD B CONTACT 


CONTROL 
CURRENT», 


Westinghouse 

Semiconductor 
GE titanium ceramic electron Hall Generator 
tube 


e WESTINGHOUSE ELECTRIC reports from Pitts 
burgh: A tiny semiconductor Hall Generator has been 
developed using two semiconductors. indium antimonide 
and indium arsenide, to provide a voltage output) pro- 
portional to the product of (1+ the current passing 
through it. and (2) the magnetic field perpendicular to 
it. Known as the Hall effect since 1679. the properties 
of this new solid-state multiplying device suggest use as 
an analog computer element. Output Hall voltages of 0.5 
\ are obtained with 5-Kilogauss field and 0.5-amp control 
eurrent, 

Two new “true-power” silicon transistors (7 rinistors } 
also have been disclosed by Westinghouse. Ultrapure 
silicon and new fabrication techniques have made possi- 
ble (1) a 2 te 5 amp unit that can handle power up to 
Pkw.oand (2) a 10 to 20 amp unit able to handle power 
up to 3 kw. Operation is similar to thyratron operation 
with LO x 100% second reaction time and current can 
be cut off by pulse to the control electrode, 


e SHOCKLEY SEMICONDUCTOR LAB of Beck- 
man Instruments reports from Los Angeles: A new elee- 
tronie revolution may be in the making with the transzs- 
tor diode. In describing the difference between the con 
ventional transistor and the new four-layer diode, Dr. 
William Shockley told the recent Transistor and = Solid- 
State Circuits Conference in’ Philadelphia that) “both 
lower costs and superior preformance may result from re- 
placing transistors with transistor diodes.” 


@ TEXAS INSTRUMENTS ING. announces the “Sen 
sistor.” a silicon resistor with a large positive temperature 


coefficient, 





FREQUENCY STANDARDS 





*314” hich 


100 - 1000 cy. 


PRECISION FORK UNIT 
PYRE 50 
Size 1” dias a 3%" Ee Waht; 4 
Frequencies: 240 to 1000 cycles 
Accuracies:— 

Type 50 (+.02% at —65° to 85 C) 
Type R50 (+.002% -at 15° to 35°C) 
Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 

Output, approx. 5V into 200,000 ohms 


FREQUENCY STANDARD 
PYRESOE 
Size 3%" x 412” x 514” High 
We ight, 2 Ibs. 
Frequencies: 50, 60, 75 or 100 cycles 
Accuracies:— 
Type 50L (+.02% at —65° to 85°C) 
Type R50L (+.002% at 15° to 35°C) 
Output, 8V into 200,000 ohms 
Input, 150 to 300V, B (6V at .6 amps.) 








*312” high 


400 to 500 ey. 


optional 


PRECISION FORK UNIT 
TYPE 2003 

Size 112” dia. x 445” H.* Waght. 8 oz. 
Frequencies: 200 to 4000 cycles 
Accuracies:— 

Type 2003 (+.02% at —65° to 85°C) 

Type R20083 (+.00207 at 15° to 35°C) 

Type W2003 (+.005° at —65° to 85°C) 
Double triode and 5 pigtail parts required 


Input and output same as Type 50, above 


FREQUENCY STANDARD 
TYPE 2005 
Size, 8” x 8" 2 744" High 
Weight, 14 lbs. 
Frequencies: 50 to 400 cycles 
(Specify) 
Accuracy: +.001% from 20° to 30°C 
Output, 10 Watts at 115 Volts 
Input, 115V. (50 to 400 cycles) 








aa 


AM 


FREQUENCY STANDARD Nv, 
TYPE 2007-6 Ll 
TRANSISTORIZED, Silicon Types’ 
Size 114” dia. x 342" H. Wght. 7 ozs. 
Frequencies: 400 — 500 or 1000 cycles 
Accuracies: 
2007-6 (+ .02% at —50° to +85°C) 
R2007-6 (+.002% at +15° to +35°C) 
W2007-6 (+.005% at —65° to +125°C) 
Input: 10 to 30 Volts, D.C., at 6 ma. 
Output: Multitap, 75 to 100,000 ohms 


FREQUENCY 
STANDARD 


TYPE 2121A 
Size 

83" 7 19" panel 

We ight, 25 lbs. 
Output: 115V 
60 cycles, 10 Watt 
Accuracy: 
+.001% from 20° to 30°C 
Input, 115V (50 to 400 cycles) 








FREQUENCY STANDARD 
TYPE: 2001-2 
Size 354" x 446" « 6" H., Waoht. 26 oz. 
Frequencies: 200 to 8000 cycles 
Accuracy: +.001% at 20° to 30°C 
Output: 5V. at 250,000 ohms 
Input: Heater voltage, 6.3 - 12-2 
B voltage, 100 to 300 V., at 5 to 10 ma. 


FREQUENCY 

STANDARD 

E¥PE=ZEREC 
Size, with cover 

LO eG t7 6 PEL. 

Panel model 
10° 2 19" « 8%” H. 

Weight, 25 lbs. 
Frequencies: 50 to 1000 cycles 
Accuracy: (+.002% at 15° to 35°C) 
Output: 115V, 75W. Input: 115V, 50 to 75 cycles. 








ACCESSORY UNITS 
for TYPE 2001-2 
L—For low frequencies 
multi-vibrator type, 40-200 cy. 


D—For low frequencies 
counter type, 40-200 cy. 


H—For high freqs, up to 20 KC, 
M—Power Amplifier, 2W output. 


P —Power supply. 


This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern- 
ment departments, armed forces—where maxi- 
mum accuracy and durability are required. 


WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 

















American Time Products, Inc. 


Watch Sa, 
SOY) Mester , 
Rab 580 Fifth Ave., New York 36, N. Y. 
Timing Systems 
ation on: Frequency Standards circle 23 on inquiry card; Fork Units circle 138. 
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Telephone: PLaza 7-1430 


For more inform 





NEWS _continueo 





Automation at Brussels Fair 


NEW YORK. N.Y. An automation exhibit: featured 
in the U.S. pavilion at the coming Brussels Fair will 
show Europeans the model of an oil refining process 
a Kelloge Catalytic Reforming Unit that duplicates in 





miniature a “Cat” reformer now producing high octane 
casoline components in an [linois refipery. The graphiv 
control panel was engineered by the M. W. Kellogg Co 
and specially built for the Fair by Panellit. A new Panel 
lit Data Logger will also be shown as an example of the 
latest refinery equipment designed to automatically moni 
tor information and prepare permanent log sheet records. 


News Bits 


BENDIX COMPUTER DIV... reached an historic mile 
stone in the computer industry when its LOOth general 
purpose computer rolled off the assembly line recently. 
No less important to the computer industry than the 
manufacture of the one millionth automobile pulled off 
a Detroit assembly line. the centennial machine was fit- 


ted with a gold plated metal exterior. 


Bendix's 100th G-15 Wyle's 'Hydrashaker’ 
WYLE MFG. CO. announces delivery of high-force. 
high-frequency vibration test’ machines. the “Hydra 
shaker.” one to the U. S. Navy and one to North Ameri- 
ean Aviation, Inc. The machine employs a new principle 
of electronically-controlled hydraulic power, 


PIC DESIGN CORP. announces acquisition of a preci- 
sion tool component line from VON INDUSTRIES, 


INC. 
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ELECTRONIC ASSOCIATES reports growth in L957 
despite national slump: Sales rose nearly FOC. to almost 
$12.300.000 resulting in a net profit after taxes of slightly 
more than one million dollars. The backlog of $6.6 million 
whieh by the end of 1957 had dropped to S46 million 
has climbed in recent weeks again to 85.6 million. 


LEEDS & NORTHREP’S Vanacer Market Develop 
ment Div. Nathan Cohn. received a second prize at the 
Winter Meeting of the ATER for his paper “Some Aspects 
of Tie-Line Bias Control on Interconnected Power Svs 


tems. 


L&N's Nat Cohn M-H's Jim Locke 


Phe jumbo-size. automatically-operated slide rule shown 
is offered as proof that automation begins at home, De 
signed by engineers at MINNEAPOLIS-HONEY WELL. 
it performs its mathematical steps with push-button ease 
An electric motor triggers a small “brain” which maneu 
vers the three-foot-long slide rule into calculating posi 
tion, The unique device a leg-pull. but it does work! 

was a gift to factory manager Jim Locke. shown here 


operating his present. 


INTERNATIONAL CONFERENCE FOR ANALOG 
COMPUTATION will be held in Strasburg. France. for 
one week beginning September |. For information con 
tact M. FL OW. Raymond. ¢ 0 S.ELA. 138 Boulevard de 


Verdun. Courbevoie tseimnet. France. 


CONFERENCE ON ELECTRONIC STANDARDS 
AND MEASUREMENTS co-sponsored by ATRE. IRE. 
and NBs at Boulder. Colorado. will devote three davs this 
summer to technical sessions and inspection trips through 
the Boulder Laboratories 





i. Sherid Garrett 


H. Sherid) Garrett, manager of Moore Products 
Covs Application Engineering Dept... died at the 
age of 42 on February 27. 1958. He was author of 
a number of technical papers and magazine arti les 
On process measurement and control. and gave lee- 
tures before ISA sections and technical meetings in 
all parts of the country. A graduate of Drexel In- 
stitute. he had been associated with Bob. Goodrich 
Co. and Barrett Div. of Allied Chemical and Dye 
Co. before jomine Moore Products Co. in LOE 














precise furnace atmosphere control 


Accurate, continuous atinosphere 


monitoring means higher furnace vield 


—faster instrument payout 


Now you can increase heat-treating furnace vield with accurate analyses 
of atmosphere gases and moisture content. With CEC instrumentation you can 
monitor atmospheres continuously and be assured that each furnace load ts 


treated precisely according to a predetermined 





formula. Maximum furnace vields result in lower 

product costs... and fast instrument payout. 

Iwo instruments—a gas analy zer‘and moisture monitor 
can be used individually or as part of a complete 

instrumentation system... CEC engineers design 

installations for any requirement. . 


CEC’s 21-611 mass-spectrometer-type gas analyzer 





is rugged and can be operated by semi-skilled 

personnel with a minimum of instruction 

With this versatile. inexpensive instrument a whole 

spectrum of gases can be analyzed such as hydrogen, 

oxygen, carbon monoxide. methane. nitrogen, 

carbon dioxide. hydrogen cyanide. argon, ete. 

The 21-611 covers mass range 2 through SO, with automatic 
scanning from mass | 2 through 40 requiring only 3 minutes. For 
complete information, contact your nearest CEC Field Office 

or write for Bulletin CEC 1843-N7 


CEC’s new extended-range 
e . Voisture Monitor 26-302 
roe For monitoring or control of 
G SENERATOR 
AS ICs trace quantities Of Moisture in guses oF 
gaseous mixtures. Range: less 
than | ppm to 20,000 ppm. Write 
MOISTURE MONI im = 
Sree enn for. Bulletin CEC 1834-X22 


ELECTRIC FURNACE 


RECORDERS 

GAS ANALYZER 

SEE FOR YOURSELF ... 

CEC’s Application Engineers are available to 
WATER QUENCH design and install complete systems 

for monitoring furnace atmospheres. 
Contact your nearby CEC Field Office. 


LOADING RACK 


Olt QUENCH 


Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


25 
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HONEYWELL 


A Model 906 Honeywell Visicorder wrote this 
record of pressure fluctuations ...“buzz"... for 
the National Advisory Committee for Aeronautics 
at the Lewis Flight Propulsion Laboratory in 
Cleveland. Buzz is the term used to describe un- 
steady variation in pressure and airflow charac- 
teristics of a supersonic aircraft or missile inlet. 

The purpose of these Visicorder studies is to 
detine the buzz-free operating limits of the inlet, 
and to provide the designer with structural load 
information in case the inlet is inadvertently 


caused to operate on buzz during flight. This is 


The Visicorder charts pressure fluctuations in a supersonic inlet 


particularly important because inlet buzz can re- 
sult in fluctuating structural loads of the order of 
1000 psf. Depending on the inlet design, this 
could cause structural failure of the inlet and loss 
of the airplane. 

High response pressure transducers are used 
to measure these fluctuating pressures and the 
resulting electrical signal is fed into the Visi- 
corder. Records such as this are also necessary in 
the determination of the inlet dynamics such as 
delay time. This information is then used to 


design inlet control systems. 





is a record of “BUZZ’’ 








Honeywell 
HI) Heiloud Division, 


The HONEYWELL VistcORDER is the first high- 
frequency, high-sensitivity direct recording oscil- 
lograph. In laboratories and in the field every- 
where, instantly-readable Visicorder records are 
pointing the way to new advances in product 
design, rocketry, computing, control, nucleonics 
...in any field where high speed variables are 
under study. 

To record high frequency variables—and 
monitor them as they are recorded—use the 
Visicorder Oscillograph. Call your nearest Min- 
neapolis-Honeywell Industrial Sales Office for a 
demonstration. 


Reference Data: Write for Visicorder Bulletin. 
Minneapolis-Honeywell Regulator Co., 
Industrial Products Group, Hetland Division 
5200 E. Evans Ave., Denver 22, Colo. 





RUSH 
THIS 
COUPON for... “the first comprehensive 


survey of the basic techniques 
used for digital computation and 


control” 


DIGITAL TECHNIQUES 
for 
Computation and Control 


by 
MARTIN L. KLEIN 
HARRY C. MORGAN 
MILTON H. ARONSON 


Includes code arithmetic, logical networks, multi- 
plexing, conversion, data reduction, digital process 
control, two-terminal relay circuits counting tech- 
niques, digital computers of all types, computer 
programming, digital differential analyzers, and 
combined analog-digital equipments, basic princi 
ples, basic circuits, components and available com- 


mercial equipments, 


Cloth bound with dust jacket, 5'2 x 8'2, 394 
pages, ilustrated—$6.00 postpaid. 


INSTRUMENTS PUBLISHING CO. 
845 RIDGE AVENUE 
PITTSBURGH 12, PENNA. 


Please rush me ... copies of 
DIGITAL TECHNIQUES for Computation and Contro 


s & Automation 


stock report 


Any further information concerning any of the following 
issues may be obtained from the Research Department, Bache 


& Co., 36 Wall Street, New York 5, N. Y. 


American Stock Exchange: 


“ 





TIME AND INTEGRAL 


Hisplayed 
staitly 


by the anise model 270 Integrating System 


yg) ene no need for planimeters or 
tedious arithmetic when vou use the 
all-electronic Model 270. Designed to 


compute time integrals in studies of 


C transient phenomena and in statistical 
quality control, the Model 270 counts at 


the rate of 10,000 per second. With such 


accuracy than heretofore possible. Con- 


resolution, rapidly changing phenomena \ \ 
as short as 10 milliseconds in duration \ \ \ 
can be integrated to a higher degree of ' 
\ 
‘ 


vert any phenomenon—torque, stress, 
velocity, pressure, force, flow, accelera- 
tion, etc.—to a d.c. analog signal and feed 
it to the Model 270. Counting begins by 
preset signal level or by closing contacts, 
and stops by signal decay or by preset 
time (in increments of 0.0001 sec.). When 
the test is finished, both time and total 
integral are displaved on twelve digital 
counters. The answer often represents a 
ten-fold increase in accuracy over other a 
integrating methods, and vou have it . “sO 
immediately, whether vour test is in the abl ALLEGANY 
: . GUA, 
lab or out in the field. Remember, too, _ 
that ALINCO supplies a variety of high- INSTRUMENT CO. INC. 
performance instruments W hic h can side panda peniacea 
speed your projects to completion with 1091 WitLs Moun rain 
CUMBERLAND, MARYLAND 
: WESTERN DIVISION: 
for detailed literature on these guar- eres 
; 1052 West 6TH STREET 
anteed, field-proven instruments. Los ANGELES 17, CAL 
F ation 27 


the highest accuracies obtainable. Send 
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Continued from page 588 


New York Stock Exchange 





ESrAPERFLECTOMETER 


ANEW CONCEPT IN INTERNAL GAGING 


e@ FOR BORES AS SMALL AS .030" DIAMETER 





@ AND AS LARGE AS 8" DIAMETER 


Measurements are 
obtained directly 
from a compensated 
Master glass scale 
without gage blocks 
or other comparative 
standards. The Per- 
flectometer is par- 

ticularly valuable 
for determining 
wear in ring 
gages, snap gages, 
etc. 


Over-The-Counter 


All measurements are made without contacting 
the work by using a reflected target as ref- 
erence point. 





Request catalog 81/176 


OPTO-METRIC TOOLS, INC. ae 





Tp. of Americ 





A Supertor Detector 


for 


Infra-Red Spectroscopy 


GOLAY 
PNEUMATIC 
DETECTOR 


Among the characteristics that render the Golay Detector superior to other types 
of detectors for use in infrared spectroscopy are: 





. An effective sensitive area 3/32” in diameter. 

. Sensitivity of 6 x 10711 watts RMSENI when used with “chopped 
beam” method and with recording time constant of 1.6 second. 

. Uniform sensitivity from the ultra-violet through the visible and the 
entire infra-red, and up to the micro-wave region. 

. Improved, drift-free, A.C. operated amplifier with step gain controls 
and four response periods. 


Write for EPLAB Bulletin THE EPPLEY LABORATORY, INC. 


ial SCIENTIFIC INSTRUMENTS 
2 SHEFFIELD AVENUE, NEWPORT, RHODE ISLAND, U.S.A. 
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FOXBORO BREAKS “RANGE BARRIER” 
IN SMALL-FLOW TRANSMISSION 





Flows as small as .003 gpm 
accurately measured, 

with new Integral Orifice 
d/p Cell* Transmitter 





Now you can measure and transmit small flows 
with full accuracy and dependability! The new 
Integral Orifice dp Cell Transmitter easily han- 
dles exceedingly low flow rates formerly impos- 
sible in pilot plant operations, research problems, 


Aen 


Installed directly in the process line, the 
Foxboro Integral Orifice d p Cell Transmitter 
needs no meter primary device or connection- 
piping . . . and no straight runs. It can be in- 
stalled in any position. A direct 3-15 psi output 
signal is delivered to any standard indicator or 
recorder. 





By suitable range selection through change of 
orifice inserts, flow rates as low as 0.003 gpm or 
as high as 8.3 gpm can be accurately measured. 


The Foxboro Type 13A Integral Orifice 
Transmitter gives you, not only new high 
accuracy in measurement, but also accu- 
rate remote indicating and recording. Write 
for complete details. The Foxboro Company, 


~~) 144 Norfolk St., Foxboro, Mass., U.S.A. 
/, *Reg. U.S. Pat. Ott. 


Left—Set of six interchangeable orifices is available in standard 

bore sizes from 0.020” to 0.250”. They’re easily changed in the 

field . . . merely inserted within the transmitter connection block. 

/ Differential pressure across orifice is converted to directly pro- 

‘ portional 3-15 psi air output signal and transmitted to remote 
y/ indicator or recorder. 


— 
POXBOR Saas 


0 cn ingu 
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the most versatile...most sensitive direct writing unit available 
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Combining all these features... 





Ae. 
a 
as 






yy stable d-c sensitivity of ome microvolt per mm 
vy true differential input 

x high input impedance 

yy response to beyond 150 cps. 


7 reluctance, differential transformer, strain gage with 
a-c or d-c excitation, thermocouples, etc., used with 
all amplifiers 


¢ deflection time less than 2 milliseconds 
vy fixed precision calibration j= j— (IRSRESsssc 


instant warm-up 


vy 

w 

yy precision source for d-c and 400 cycle excitation, 
self-contained 


sv zero suppression, twenty times full scale, both directions 









circle enernmmertinensrespsteanenesersstinl 


LA 


all these features... plus 8 channels in only 33% of rack space 


Whatever your application for direct writing recorders 
. . . you should investigate the ability of the Offner 
Type R Dynograph to do the job better and more 
simply. Using transistor circuits* developed and tested 
for over two years in hundreds of channels of Offner 
medical equipment, the Type R Dynograph is, we be- 
lieve, superior in practically every respect to any other 
direct writing oscillograph. Write on your company 
letterhead for literature giving details and specifications. 


*Patents granted and pending 


OFFNER 
ELECTRONICS INC. 


5326 N. Kedzie Ave., Chicago 25, U.S.A. 
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HONEYWELL SUPPLIES MAN 


SPUN-END 


Protecting Tubes 
for long, reliable thermocouple service 


Spun-end construction adds extra quality to Honeywell closed-end 
drawn metal protecting tubes . . . at no increase in price. 

These tubes keep thermocouple wires safe from corrosion and 
mechanical damage. They're made to withstand the toughest abuse 
you'll give them on the job. 

Available in carbon steel, seamless steel, stainless steel, /nconel*, 
Resisteat**, nickel and wrought iron. 

Order from your Honeywell Supplies Man. He can give you valu- 
able assistance with your process control problems, as well as help 
you select pyrometer supplies. Call him today . . . he’s as near as 
your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa. 


*Inconel is a trade name of the International Nickel Company. 
** Resisteat is a trade name of Minneapolis-Honeywell Regulator Co, 


Honeywell 
Hi Foust WE Covtiols 


April 1958—Instruments & Automation-—Page 593 





Measurement of Peak Voltages 


In computing flux density, it is advantageous to use 
average values instead of RMS because the flux density 
is directly proportional to the average value of the wave 
Hence the use of an average reading voltmeter will 
save an appreciable amount of calculation. If the meas 
urements are to be used for certain specialized applica 


sis. 
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tions it is most desirable to obtain the peak (crest) 
value of the wave. Voltage breakdown, corona, human 
susceptance to shock, certain comparison circuits, and 
many other things tend to follow the peak or crest value 
rather than either the RMS or average value.—(F’rom 
new 4-page company publication “Electrical Measure- 
ments,” Dee. 1957, Sensitive Research Instrument Corp., 
New Rochelle, N.Y.) 

For this literat 150 


Digital Control Computer 


The RW-300 brings a new degree of automatic control 
and efficiency to continuous and batch process such as 
those employed in the petroleum refining, petrochemical, 
chemical, metals, glass, food, and paper industries. 

With an RW-300 digital control system, as shown in 
the block diagram, the measuring devices send signals 
directly to the computer where the input conversion equip- 


ment converts the signals into digital form. The com- 
puter next interprets the input data, carrying out any 
scaling, linearizing, or compensating calculations that are 
necessary. It then proceeds to the principal control caleu- 
lations, which i equation solving, interpolation, in 
tegration maximizing and minimizing, averaging, corre- 
lating, and smoothing. The results, changed to analog 
form in the output conversion equipment, actuate plant 
controllers to make the appropriate changes in the proc- 
ess.— (From new 4-page Bulletin “RW-300 Digital Control 
Computer,” Ramo-Wooldridge Corp., 5730 Arbor Vitae 
St., Los Angeles 45, Calif.) 

For this literatur 151 
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Unisec Coincidence Reading 
System 


“Unisee” is a high-precision angular measuring device 
(highest possible outside of an optical reading theodolite; 
reads directly.go0 one second) which may be attached to a 
shaft of any rotatable device, where highly precise posi- 
tioning is desirable. 

For many years it has been recognized that “if two 
sides of a circle are read, eccentric errors are eliminated.” 


If a perfect circle is rotated in an eccentric manner, the 
path of the true center of the circle would be as indicated 
by the dotted circle in the Fig. It is obvious that one index 
gives an erroneous reading, except in one position of the 
circle. If this eccentrically mounted circle is rotated 
through a true 90° angle, it would appear as in second 
Fig. Index A would indicate that the angle of rotation 
was greater than 90° by the amount of angle “A”, and 
Index B would indicate that the angle was less than 90 
by the amount of angle “B’’. Using the principle of read- 
ing both sides of a circle at once, all eccentric errors are 
removed. The circle itself is graduated in intervals of 10 
minutes of arc, and therefore contains 2,160 graduations. 
These 10 minute intervals are sub-divided by a micrometer 
scale which is attached to a deviating prism. The scale 
is divided into 300 equal parts or the equivalent of 5 
minutes of are.—(From new 8-page brochure, W.& L. BE. 
Gurley, Industrial Div., 514 Fulton St., Troy, N.Y.) 
Cnet banndyi ea e 1§2 on inauiry « 


Vibratory Feeders 


A trough, mounted on flexible leaf springs, is vibrated 
at a high speed by an electromagnet. The magnet, ener- 
gized by pulsating current, pulls the trough sharply down 
and back—then the leaf springs return it up and for- 
ward to its original position—although not so sharply 
as the down-pull. The material in the trough falls per- 








pendicularly, as the trough is pulled sharply backwards 
out from under it, to a new position forward in the 
trough pan—then as the leaf springs return it up and 
forward, the material is carried with it—to have the 
same action repeated—-at high speed. 

This trough action—differential reciprocation or vi- 
bration as it is commonly called—makes the material 
appear to flow like water.—(From new 82-page bulletin, 
Syntron Company, 702 Lexington Ave., Homer City, Pa.) 

For this literature rcle 9§3 on inquiry 3rd. 





Save design time, avoid assembly headaches with 
General Electric custom-designed DC power supplies 


NO PROBLEM TOO GREAT... «-+NO PROBLEM TOO SMALL! 





Individual packages 























ie 


Complete systems Partial systems 


Subcontract your power supply problems to General Electric! Whether your requirements 
can be met by the existing, completely engineered supplies we have on hand—or involve 
custom-packaging of ‘‘building blocks’’—or call for altogether new designs—give us the 
power supply system responsibility! Consult your local Apparatus Sales Office, or write for 
bulletin GEA-6690 to Section B465-5, General Electric Co., Rectifier Dept., Lynchburg, Va. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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new...improved 


JUN LUNE 


DIGITAL DISPLAY 
with One-Plane Presentation 


FEATURES 


e Recently developed high-contrast viewing 
screen for utmost visual sharpness! 


e Digit style of your choice! 


e Colored digits of your choice! Suitable to en- 
vironmental ambient room light. 


e Digital presentation complementing manufac- 
turer’s original equipment! 


Here’s a new type of In-Line Digital Display. All 
numbers and or characters appear on the front 
surface of the unit, and are of uniform size and in 
tensity. In addition to being faster 

and easier to read, the numbers 

may be quickly seen from any 

angle of viewing PRICE 
The In-Line Display is available PER UNIT 
as a single unit. or in assembled 

groups of two, three, four, ete., 

ready for panel mounting. The 

viewing screen extends the full 

width of the individual unit so that 

final assembly presents a continu 

ous surface for fast, easy reading QUANTITY 


PRICES 
HOW THE 


ON REQUEST 


IN-LINE 
DIGITAL 
DISPLAY 
OPERATES 


A 
The In-Line Display works ® 
on a rear-projection princi 
ple. When the lamp (A) at rear of the unit is lighted, it 
projects the corresponding character on the condensing 
lens (B) through a projection lens (C) onto the viewing 
screen (1D) at the front of the unit 


WRITE TODAY FOR COMPLETE DETAILED SPECIFICATIONS 
Representatives in principal cities 


INDUSTRIAL ELECTRONIC ENGINEERS 


Engineers and Manufacturers 
of Fully Automatic Systems and Machines 


3973 Lankershim Bivd., North Hollywood, Calif. 


For more information circle 33 on inquir 
} 





BRIEFS—cONTINUED 


? 


Instrument Pivots 


\ line of standardized alloy stee] pivots has been worked 
that should prove acceptable for the vast majority 





F applications and are the most economical and practical 
sizes to use. These standard pivots have a diameter of 


2-004 —— 
(PIVOT RADIUS INDEX) 
3.56 HEX NUT 


PIVOT 


(PRESS FIT IN SET SCREW) 


0.020", a cone angle of 50°, lengths of 0.075” and 0.100”, 
respectively, and three pivot point curvatures for each 
of the above lengths. 

A pivot’/set screw/nut assembly may be used in con 
junction with a jewel, a coined vee or in a chamfered hole 
in a shaft.—(From new Bulletins D-19 and 102, Welton 
V. Johnson Engineering Co., Inc., 95 Summit Ave., Sum 
mit, N. Js) 
f 154 


Industrial Nuclear Radiation 


Rapidly nearing completion is the large Nucledyne hot 
cell which is required for the study of the effects of high 
gamma radiation on materials, as well as electrical com 
ponents and systems in air... The cell will house a 62,000 
curie Cobalt 60 source which will be stored in a 22-foot 
well capped with deionized water. During irradiation pe- 
riods, an elevator raises the source of the cell level in 30 
seconds. A complete electrical personnel safety interlock- 
ing system is provided.—(F'rom new 18-page brochur+ 
“Projects,” Nucledyne Corp., 8100 Monticello Ave., Skokie, 
Til.) 
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Instrument Rectifiers 


The five full-wave conventional circuits are shown as 
Figs. 1 through 5. The efficiency factor shown in connec- 
tion with each circuit is an indication of the sensitivity 
of the a. c. ranges in ohms per volt. It is on this basis 
that the values of the multiplier resistors in the instru- 


WAVE CIRCUITS 


FIG. 1 FG 2 FIG 3 
BRIDGE THREE QUARTER SERIES Hace 
BRIDGE BRIDGE 

FACTOR 9 FACTOR 64 FACT CR 44 
ment were determined in the design of the instrument. 
On this point alone, the necessity for replacing the rec- 
tifier with the proper type is obvious.—(From new 40- 
page “Instrument Rectifier Replacement Guide” which 
includes lists of manufacturers using maker’s equipment, 
Conant Labs., 6500 O St., Lincoln 5, Nebraska) 
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PROPORTIONER 


MANNING 


controls flow to save for you 


MAXWELL 


INI IYOOW 9 


The V-port disc in all Hancock “Flocontrol” Valves 
insures proportional flow throughout the entire lift of 
the stem. They are valves that help you achieve uniform 
product quality through closer control, save steam and 
fuel on process work, and cut maintenance costs. 

“3 in 1” valve design combines variable orifice with 
shut-off and micrometer dial and pointer. The valve 
opening can be set within | 10 turn of the handwheel 
—you can duplicate all settings easily, instantly. No 
shut-off valve required—flow is in a straight line, with 


separate shut-off seating surface located away from the Hancock ‘‘Flocontrol”’ 

V-ports valves assure positive 

; : peer . : pinpoint control—elimi- 
Hancock “Flocontrol” Valves are available in Bronze nate all guesswork 


and Steel to meet the most demanding services. Ask 
your industrial supply distributor for details. 


HANCOCK “‘FLOCONTROL"’ VALVES 


A product of 
MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division « Watertown, Massachusetts 
In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
For more information circle 3@ on inquiry card 
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Veeder-Root 
Panel-Mounted High Speed 
Electrical Counters 


TE hcoe new Series 1591 Electrical Counters fill 
the gap between standard and electronic counters for 
industrial, data processing, or laboratory and scientific uses. 

2 They’re designed for accuracy and long life at very high 
sas8 with speeds (rated at 3000 counts per minute, with extended 
test-runs up to 6000 cpm). 


electric resetting And they have the unmatched convenience of instant 


push-button resetting, either mechanically right on the machine 
= ... or electrically from a distance. Panel-groups of these 
in 1/10th counters can be placed right in your office .. . and one button 
can reset an entire panel. Counteis feature large figures, 
small size, low-wattage coils for continuous duty and other 


of a second V-R vantage points on which patents are pending. 


These new and different counters are the latest evidence 
that Veeder-Root design and development always keep 
pace with modern counting requirements. Write for 
specifications and prices. 


Added Evidence (R) VEEDER-ROOT 


that Everyone INCORPORATED 
HARTFORD 2, CONNECTICUT 


Can Count on =® Hartford, Conn. * Greenville, S. C. * Altoona, Pa. * Chicago 
New York * Los Angeles * San Francisco * Montreal 
Offices and Agents in Principal Cities 
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Dynode Feedback Circuit 


The basic operating principle of the photomultiplier 
dynode feedback circuit is relatively simple. When a given 
specimen density is inserted in the light beam the photo- 
multiplier tube output current is at first reduced. A volt- 
meter which responds to the dynode voltage applied to the 





TRANSMITTANCE T= aa 


I 
- He > > 
DENSITY D=LOG (+) LOG (;-) 





DYNODE VOLTAG! 

given density specimen can be calibrated in terms of an 
optical density scale. The relationship between log sensi- 
tivity of the photomultipher tube and dynode voltage is 
shown in the graph and is virtually logarithmic. 

Applications (include): Brightness and opacity meas 
urement of paper; paper chromatography; electrophores- 
Is; transmission density measurements of glass and othe 
transparent films; measurement of thickness of coatings, 
including metallic, by transmitted light; transmission 
density measurements of tissue stains in the medical 
field. S- page bulletin on Macheth-Anseo 
Model 12-A, Macheth Instrument Corp., Dept. P: 10, P.O 
Bow 950, Ne whurgh, W..¥) 


(From Hew 


157 


Speed Reducers 


Then selecting a Speed Reducer for 
Wher 
application there are three main factors to take into con- 
sideration. They are 


your particular 


Ratio, Horsepower and Torque. 


The ratio is the relationship between the speed of 
the driving mechanism and the speed required at the 
output shaft of the unit. Thus if we have a motor at 
1750 RPM and an output speed required of 50 RPM: 

a Speed of Driver 1750 p 
RATIO : - = - do to I 
Required Output Speed 50 


Torque and Horsepower Relationship: 


Torque Load Radius EL R 


Load « Feet per Minute 
33,000 


H.P. 


RPM 


Torque 
HP: : : 
63,025 
(From new 176-page Catalog 80, Grant Gear Works Ine., 
154 W. Second St., Boston 27, Mass.) 
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Designed with the Look of Tomorrow 
by Raymond Loewy Associates 


NEW PARTLOW 
MFS TEMPERATURE CONTROL 


New Looks, Convenience, Efficiency 
for Your Process Equipment 


Striking as they are, good looks 
are only part of the story of Part 
low’s spectacular new control. In- 
side and out, the MFS is as rugged 
and efficient as a temperature con- 
trol can be, its tough mercury-actu- 
ated element having been built to 
retain sensitivity and accuracy 
even under extreme conditions. 
Convenient, too! You can inter- 
change the mercury element right 
out in the field .. . no factory ad 
justment is required. 


The MFS comes in 10 scale ranges. 
Accurate within '2 of 1% of scale 


range, it is especially adaptable to 
control applications where temper- 
ature variations must be kept at 
a minimum; or where sudden tem- 
perature changes demand instant 
response. 


If your product or process requires 
close, positive temperature control 
within the -—30° F. to 1100° F. 
range, you are invited to test this 
advanced new instrument soon. 
Write, wire or phone today. 


THE PARTLOW CORP. 
Dept.1A-458, New Hartford, N.Y. 


Only in the Partlow MFS so many important innovations: 


ACCU-VISION DIAL — Magnified 
pointer for closest settings. Dial 
calibrations, pointers and back- 
ground scientifically color-con- 
trasted for easy readability- even 
at a distance. 


LOOK TO PARTLOW FOR: 


Recording Controls 
Indicating Controls 
Non-indicating Electrical Controls 
Non-indicating Mechanical 
Controls 
Recording and Indicating 
Thermometers 
Combustion Safeguards 
Timers Limit Controls 














FLUSH OR WALL MOUNTING — 
No additional brackets or hard 
ware are required. Case is grey 
reinforced plastic — tough, light 
weight, easy to clean, won't crack 
under extreme temperatures. 


PAR TLOVW 
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is the first 

digital computer for 
automatic process control 
and data logging 


ceah 
an - 


bere 





vie} 





- \ 
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The Ramo-Wooldridge RW- 
300 Digital Control Computer 
is available now to control 
process units in oil refineries, 
chemical plants, and other 
process industries. 


The new RW-300 offers out- 
standing opportunities for 
higher profits from existing 
and future plants—through 
reduced operating costs, in- 
creased throughput and yields, 
and improved product quality. 
These benefits will pay back 
an investment in an RW-300 
digital control system within 
six months to two years. 


For technical information on 
automatic process control and 
advanced data logging with the 
RW-300, write: Director of 
Marketing, The Thompson- 
Ramo-Wooldridge Products 
Company, P.O. Box 45067, 
Airport Station, Los Angeles 
45, California, or call OSborne 
5-4601. 


VA _[Fim 
aS 


SS 


ae 


See the RW-300 in operation at the 
ACS exhibition, April 13-17, San Francisco. 


THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY 


rmation circle 37 on inquiry card. 
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BRIEFS—contTiNueD 


High-Speed Analog Computers. 
Key to Rapid System 
Development 


Q: What are the advantages of high-speed (compressed- 
time) analog computation over real-time analog compu- 
tation? 

A: The principal advantage of the high-speed analog 
computer is that the problem is solved repetitively at a 
rapid rate, ranging from 10 to 60 complete solutions per 
second ... This is about 3000 times faster than real time. 
The operator can essentially make continuous changes in 
the problem parameters and watch the changing solution 





i 
REAL TIME vs. HIGH SPEED 

. This operating method makes the high-speed analog 
computer extremely useful in any problem which requires 
solution by repeated trials. Since repeated trials, using 
different sets of problem and system parameters, can be 
made very rapidly, it is easy to converge upon the desired 
solution. Control system design, for example, usually re- 

quires solution by repeated trials. 
(QJ: What are the relative physical sizes and power de- 
mands of high-speed versus real-time analog computers? 
A: The high-speed analog computer is smaller and 
requires less power than the real-time analog computer.— 
(From new 8-page brochure “High Speed Analog Com- 
puters, Key to Rapid System Development,” GPS Instru- 
ment Company, Inc., 811 Boylston St., Boston 16, Mass.) 

For this literature circle 159 


Safety-Relief Valves 
Pilot Operated 


The AGCO Type 2 Pilot Operated Valve operates with 
a floating piston of differential area design. Full line 
size orifices are standard in all sizes. Features of the 
valve include full capacity with no overpressure or ac- 
cumulation, replaceable teflon seats in both pilot and 
main valve, manual blowdown provision, and extreme ease 
of maintenance. Gas or vapor service only.—(From new 
4-page Composite Brochure, Anderson, Gree nuood & Co., 
1400 N. Rice, Bellaire, Texas.) 
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Precision Pro jecting 
Microsco pe 


The specimen to be tested is projected into a glass 
screen of 180 mm diameter and can be examined in the 
following ways: (1) diascopy (transmitted light), (2) 
episcopy (surface light) to obtain maximum relief, (3) 
dia-episcopy (transmitted light combined with surface 
light) to examine the surface as well as the outlines... 
“Projectina” can simultaneously be used as a microscope 
and the test piece can be examined on the screen as well as 
in the eye-piece. The fixed illuminations allow an easy 
microscopy and projection in transmitted bright and dark- 
field as well as surface bright and dark-field. 

A simple polarizing equipment is available which can 
be used for microscopy and projection, transmitted and 
surface light, micro and macro photography. (From new 
8-page catalog, Projectina, Switzerland, Agents: Alfred 
Hofmann & Co., 629 59th St., West New York, N. J.) 
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If you need to reduce 
fluid pressure safely, economically... 


call for a valve from 


No 310 Reducing Valve 


Klipfel makes Reducing 

Valves for every purpose 

60 different types of them, 

in fact. They operateon air, Also available from Klipfel 
gas, steam, water or other are Float Valves, Relief 
liquid, with initial pressures Valves and Temperature 
up to 300 psi and reduced Regulator Valves and 
pressures as low as vacuum special valves made of cor- 
You can choose from five —_rosion-resistant materials 
different inner valves, three — Forinformationonany valve, 
different actuating means call your supply house or 
and four loading means. write for Catalog 54. 
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Call your supply house, or write for Catalog 54. 


A/R MAL 


ast items shipped within 


No. K-348 Temperature 


No. K-449 Temperature 
Regulator Valve 


Regulator Valve 


-. 
No. 135 Multiport 


No. 27 Float Valve 
Relief Valve 


No. 7 Float Valve 


e 
HAMILTON + OHIO — 
Automatic Temperature-and-Pressure-Regulating Valves Since 1902 
Float Valves » Temperature Regulators » Back Pressure Valves + Reducing Valves 


A DIVISION OF THE HAMILTON- THOMAS CORPORATION 


For more information circle 38 on inquiry card 
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INSTRUMENTS ano AUTOMATION 


WORLD-WIDE COVERAGE 


THE MAGAZINE OF FIRSTS 


w% FIRST IN READER INTEREST 


*% FIRST IN QUALITY 


% FIRST IN ORIGIN 


SUBSCRIBE TO THE APPRECIATED MAGAZINE 





INSTRUMENTS AND AUTOMATION 
845 Ridge Ave., Pittsburgh 12, Pa. 


IN THE 
INSTRUMENTS 


and 


AUTOMATION 
FIELD <@* 


Enter my subscription to I&A for one year — at $4.1 prefer three 
years " for $9; five years ~) for $10. 


" CHECK ENCLOSED BILL ME 


Name 
Title 
Company . 


Deliver {| Home 
To: {| Company Address 


City State 


MAIL 
TODAY! 
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—] GIFT NEW RENEWAL 
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BRIEFS—contiNueD 


Tachometers 


All Metron Tachometers employ one ramification or 
another of the basic circuit shown in Figure 1, which 
is schematic only. In this sketch, the circuit is supplied 
with a constant voltage E connected in series with a 
milliameter I having resistance R and a capacitor C. The 
polarity of the capacitor is reversed by a commutator 
twice each revolution with a frequency proportional to 
the speed in RPM being measured. Actually, in practice, 
neither a rotating capacitor nor a commutator are used 
but are shown thus for the sake of clarity ... Thus, the 
relationship of average current or reading is proportional 
to speed being measured. This relationship is expressed by 
the equation 





Cx E x RPM 


For all practical purposes, the above equation is exact and 
brings to light several things: 1. Current is truly propor- 
tional to speed ... 4. The equation does not contain the 
factor R which means that current values are unaffected 
by resistance of the circuit. 5. Current I is also dependent 
on the value of voltage E and the capacitor C From 
the foregqing, it is seen that the Metron system of speed 
measurement is in no sense a generator type of instru- 
ment. For this reason, it is not possible to interchange 
Metron Indicators or. Heads with indicators or generators 
of other makes of tachometers (From new 58-page 
ring binder “Tachometer Speed Changers, Comparato) 
Gages,” Metron Instrument Co., 432 Lineoln St., Denver 
3, Colo.) 
» 162 


Alloyed Junction Transistors 


The General Transistor germanium P-N-P and N-P-N 
alloyed junction transistors are especially useful in 
broadcast receivers, wide-band video, and a variety of 
R.F. and I.F. applications ... series offers a selection of 

TYPICAL CHARACTERISTICS 





GT 8 GT BtHS 6t109 | GT 759R | GT 760R | GT.761R 
75 100 | 100 | 25 40 70 





42 44 4a | 
I 32 


i4 























alpha cutoff frequencies from which the engineer may 
choose, depending upon the frequency requirements of the 
equipment to be operated... 

Features: Hermetically sealed in metal case with glass 
headers. Flexible leads may be soldered directly into the 
circuit or used with standard plug-in sockets. Can be 
mounted in any position. Highly resistant to shock, vibra- 
tion and extreme atmospheric conditions (From 
new 6-page Application Brochure G-120, General Transis- 
tor Corp., 91-27 138th Place, Jamaica 35, N. Y.) 

For this terature circle 163 r nauiry rd 





INSTRUMENT ee 


control 
small flows 


with finger tip accuracy 





Aircraft and 
Automotive Test Stands 


Hydraulic Equipment 
Pneumatic Equipment 
Gas Analyzers 
Metering and 
Proportioning Equipment 
Pilot Plants 
Test Instruments 


280 SERIES 
METERING VALVES 
Two orifice sizes of 1/16” and 
1/8” are available with flow 
controlled by an 8-degree needle 
point taking 20 turns to move 
from open to closed position In 


‘brass with O-ring stem seal or in 


316 stainless with Teflon 
packing For service to 3,000 psi, 
operating temperatures from 

60° to 450 °F All valves have 
panel mounting lock nut 


Vernier Modifications 


Hoke's *280-25 micrometer hand-wheel kit (illus 
trated) helps you establish a reference point as to the 
number of turns required for any flow rate. A low-cost, 
high-value accessory for precision control. 


A SPECK OF DUST 
in metered fluid is all it takes 
to change the orifice setting 
in Hoke’s highly-sensitive 
280 Series valve For critical 
metering requirements. it's 
always wise to use this 

540 Series Micron Filter to 
keep foreign matter away 
from the valve. Complete 
information on request 


Hoke’'s Catalog MV-957 has 
all necessary information 
on 280 Series Valves and 
540 Series Micron Filters. 
Yours for the asking 


HOKE INCORPORATED 


FLUID CONTROL SPECIALISTS 

231 South Dean Street 
Englewood, New Jersey 
circle 39 on inquiry card. 
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Here’s the kind of 


service you get... 
with HONEYWELL instrumentation 


Bill Lewis, typical service engineer, proves 
how you can depend on Honeywell for fast, 
on-the-spot service even in emergencies. 


3 It took Bill two hours to drive to the plant through the 
storm. He spotted the trouble immediately; a thermo- 
couple and its protecting tube had burned out. It might 
have meant four to five thousand dollars’ worth of 


damage. 








Honeywell service be- 
gins when you first 
decide you need instru- 
ments, and continues 
long after they’re 
installed. It includes: 


e Preliminary engineering, even before specifications are written. 

e Application engineering for installation and startup. 

e Service engineering help from your nearby Honeywell branch. 

e Periodic service and swift help in emergencies. 

e Training of your operators at the Honeywell Instrumentation 
“ducation Center. 
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I Bill Lewis, service engineer at Honeywell's Fort Wayne 

branch, was in his garage, touching up the paint on his 
13-foot outboard. The bowling match had been called 
off that night because of the snowstorm, and Bill was 
glad to be home. 





Be 





2 At 9:30 a call came from the Crosby Laughlin 
Division of American Hoist and Derrick Company in 
Fort Wayne. A controller on a galvanizing kettle 
wasn't working and unless it was fixed fast, the pot 
would either freeze or burn out. Bill said he would 
be out right away. 
































§ Now, Crosby Laughlin Division is signed up with 
the Honeywell Periodic Service Plan, and its complete 
instrumentation is checked and serviced every month. 
Any spare parts needed are now available at 
Honeywell's Fort Wayne branch. Bill hasn't had to 
make another emergency call to the plant since, 


4 Bill didn't have a thermocouple with him that would 
fit, so he improvised a temporary couple and protecting 
tube and got the system going. Early the next morning he 
called the Honeywell branch in Indianapolis and had the 
correct thermocouple and tube shipped quickly to the plant. 
Next day, he carefully checked out the entire installation. 
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Around-the-clock help in emergencies is MINNEAPOLIS-HONEYWELL REGULATOR Co., 
7 strut Dp, ts ve, eee) , s > s, 

but one of many Honeywell services Indus rial Products Group I foun perilapenpeee 

manne t f Wayne and Windrim Avenues, Philadelphia 44, Pa. 

that give you extra value for your 

investment in instruments. Get the 


complete service story from your near- Honeywell 


by Honeywell field engineer. He’s as 


near as your phone. iH] Ti 
batt to, Coutts 





[YAN high-torque low-current DC motor 
covers extended range of output speeds 


The new Cramer Type 800 direct current motor 
offers an unusually wide range of output speeds, 
coupled with low current drain, high torque, high 
efficiency, and excellent speed stability. These features 
make it the ideal choice for timing devices, remote 
control equipment, recorders, signalling equipment, 
communications gear, displays, flashers, chart trans- 


ports, and many other products. 


Wide Performance Range 


Depending on requirements of speed, torque, 
and voltage, the rotor is wound to produce a 
basic motor speed of 960 to 3000 rpm. A gear 
train then reduces this to the speed required 
at the output shaft. Low rotor speeds result in 
lower current drain at all speed-torque com- 
binations, but limit the torque available at the 
higher output speeds. Higher rotor speeds re- 
quire a somewhat higher input current, but 
greatly increase the torque available at the 
higher output speeds. 

The Table at lower right illustrates this flexi- 
bility of design, with a few examples from the 
virtually unlimited range of performance charac- 
teristics which it provides. Where very low input 
current is required, and the supply voltage does 
not exceed 12 volts, the use of the low-speed 
rotor will provide 30 oz. in. at speeds below 
3 rpm and 0.5 oz. in. at 200 rpm. The higher 
speed rotors meet the requirements of higher 
input voltages, and provide greatly increased 
torque at the higher output speeds with only a 
moderate increase in current drain. The high- 
torque motor has the additional advantage of 
speed stability within 10% from no-load to full- 
load, at speeds below 5 rpm. 

The examples given in the Table are for illus- 
tration only. By correct choice of rotor winding 
and gear ratio, an unlimited number of operat- 
ing specifications can be established throughout 
the entire range shown. The motor is also avail- 
able without gear train, for output torques of 
0.1 to 0.6 oz. in. at speeds up to 3000 rpm. 


Specifications 
SPEEDS — 2 rpd to 900 rpm with gear train, 960 rpm 
to 3000 rpm without gear train. 


TORQUE — 0.1 to 0.6 oz. in. without gear train, and 
to 30 oz. in. with gear train. 


CURRENT DRAIN — as low as 30 milliamperes, de- 
pending on voltage, load and speed. 


VOLTAGES — from 3 to 30 volts DC. 


REVERSING OPERATION — with negligible speed dif- 
ference, because of special motor design. 


GEARS — precision-hobbed throughout, totally en- 
closed and with sealed-in lubricant. 


Page 606—Instruments & Automation—Vol. 31 


Type 800 DC motor with standard gear 
train — shown 50‘% oversize 





OUTPUT 
SPEEDS 
WITH 
GEAR 
TRAINS 


960 RPM ROTOR 
LOW INPUT CURRENT 
(3 to 12 volts DC) 
INPUT OUTPUT 


VOLT- TORQUE 
AMPERES 02. IN. 


3000 RPM ROTOR 
HIGH OUTPUT TORQUE 
(3 to 30 volts DC) 
INPUT OUTPUT 


VOLT- TORQUE 
AMPERES OZ. IN. 





2 rpd 
1/6 rpm 
3 rpm 
10 rpm 
30 rpm 
60 rpm 
80 rpm 
200 rpm 
900 rpm 


16 
16 
35 
30 
35 
35 
a 
235) 











56 

.64 
1.04 
L722 
72 
L722 
72 
1.90 








Typical Performance of Type 800 DC Motors for 
Minimum Input Current or Maximum Output Torque 


For your free copy of informative Bulletin PB-800, write: 


CRAMER CONTROLS 


CORPORATION 


2 40 


Box 


ara 


5, Centerbrook, Connecticut 





This Tube is Precision Bored 
to Rifle Barrel 








The Bourdon tube in Ashcroft Duragauges is machined mirror-smooth inside and 
finish ground outside to exact tolerances. Strong, uniformly thick walls assure 
precise flexibility—sustained high accuracy and long life. 


Eight tube materials permit you to select the best metal with sensitivity balanced 
by internal corrosion resistance. Whether your choice is phosphor bronze, an alloy 
steel, “K’ Monel, a stainless steel or beryllium copper, metallurgical control is 
exact from ingot to finished tube. Socket and tip joints are welded or brazed, 
then stress relieved for highest strength and safety. “Whip testing” at pulsating 
pressures at least 50% greater than rated pressure insures calibration stability. 


Order your Ashcroft Duragauges with the best Bourdon tube material for your 
Ashcroft Duragauge in service. Choose the all-stainless-steel movement or stainless steel with nylon bear- 
Phenol case — a tough, ings and pinion gear. Full range of pressures, dial sizes, case designs and materials 
rigid plastic turret type : : : : i Oe Sear : 
case for wall or ‘flush available. In any combination of components, Duragauges give. sustained high 
mounting. accuracy and long service. Get details from your industrial supply distributor. 


MAXWELL ASHCROFT PRESSURE GAUGES 


M A product of 


MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division « Stratford, Connecticut 


INI INOOW 9 


MANNING 


In Canada: Manning, Maxwell & Moore of Canada, Lid., Galt, Ontario 
For more information circle 78 on inquiry card 
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To detect, measure, record or control radiation of almost 
. with complete systems to AEC 


Here’s news about 


from Victoreen 


any type or intensity 


specifications—that’s part of Victoreen’s radiation monitor- 
ing story. So no matter what your radiation monitoring prob- 
blem, it will probably pay you to check with Victoreen first. 


area monitoring 


Flexible, fully prov- 
en remote area sys- 
tems to AEC require- 
ments for radiation 
monitoring from a 
single control cen- 
fer. 


air particle monitoring 


Portable air particle 
monitoring units to 
latest ORNL specifi- 
cations. : 





fission products monitors 


A reliable monitor- 
ing system based 
on MTR design at 
Idaho Falls for de- 
tection of fission 
product activity in 
coolant stream. 


water monitors 


For monitoring ra- 
dioactive liquids in 
pipes, pools and 
streams or other 
locations. 





Fast and thermal 


Cy, monitors 


v The Victoreen Instrument Company 


Cleveland 3, Ohio 


WORLD'S FIRST NUCLEAR COMPANY 


AA-6301 
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neutron monitoring 
systems designed 
for bulk shielding 
and dosimetry 
studies. 
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5806 Hough Avenue 


eo in natin 


gas monitors 


Designed for con- 
tinuous monitoring 
of radioactive stack 
gases. Contains 
built-in alarm sys- 
tem to operate 
external control 
circuits. 


rcle 26 on inquiry card. 
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April 22-25 


Annual Meeting of the American In- 
dustrial Hygiene Association, Atlantic 
City, N. J. For additional information 
write George D. Clayton, Exee. Sec., 
14125 Prevost, Detroit 27, Mich. 


May 4-7 


Fourth National Flight Test Instru- 
mentation Symposium of the Instru- 
ment Society of America, Park Sher- 
aton Hotel, New York City, N. Y. For 
more information write P.O. Box 113, 
Bethpage, L. I., New York. 


May 6-8 


1958 Western Joint Computer Confer- 
ence of the Institute of Radio Engi- 
neers and the American Institute of 
Electrical Engineers, Ambassador Ho- 
tel, Los Angeles. For information 
write David Parry, 6363 Wilshire 
Blvd., Los Angeles 48, Calif. 


May 12-14 

4th National Instrumental Methods of 
Analysis, ISA Analysis Instrumenta- 
tion Div. & Houston Section, Sham- 
rock Hilton Hotel, Houston, Texas. 
Contact R. D. Eanes, L&N Stenton 
Ave., Phila. 44, Pa. 


May 12-15 

Eighth Annual Instrument Symposi- 
um and Research Equipment Exhibit 
at National Institutes of Health. 
Write James B. Davis, National Insti- 
tutes of Health, Bethesda 14, Mary- 
land. 


May 14-16 

Spring National Meeting of Society 
for Experimental Stress Analysis, 
Manger Hotel, Cleveland, Ohio. For 
information write A. G. Tokarcik, 
Publicity Chairman, 1958 Spring 
Meeting, Wheel & Brake Develop- 
ment, Goodyear Aircraft Corp., Ak- 


ron, Ohio. 


May 21-23 

Instrumentation & Automatic Control 
of Power Systems—Today & To- 
morrow, ISA Power Div. and the New 
York Section. Contact W. W elch, _e 
Island Lighting Co., L. I., N. 


May 27-28 

Second EIA Conference on Maintain- 
ability of Electronic Equipment spon- 
sored by the Electronic Industries As- 
sociation, University of Pennsylvania, 
Phila., Pa. For information contact 
EIA office, 11 West 42nd St., New 
York 36.N..¥. 


May 31-June 8 


European Congress of Chemical En- 
gineering and ACHEMA Congress, 
Frankfurt a.m., Germany. For infor- 
mation write DECHEMA, Dechema- 
Haus, Rheingau-Allee 25, Frankfurt 
a.m., West Germany. 





June 2-4 


1958 National Telemetering Confer- 
ence sponsored by the A.I.E.EF., A.R.S., 
I.S.A. and I.A.S., Lord Baltimore 
Hotel, Baltimore, Md. For informa- 
tion write T. E. Meyers, Wolfe & 
Mann Mfg. Co., 28th & Sisson St., 
Baltimore 11, Maryland. 


June 4-6 

Twelfth National AFCEA Convention 
and Exhibit, Sheraton-Park Hotel, 
Washington, D. C. Write William C. 
Copp, Exhibits Manager, Armed 
Forces Communications and Elec- 
tronics Assoc. Convention and Ex- 
hibit, 72 W. 45th St., New York 36, 
N. Y. 


June 9-12 

1958 Microscopy Symposium spon- 
sored by W. C. McCrone Associates, 
Del Prado Hotel, Chicago. For infor- 
mation contact W. C. McCrone, Jr., 
W. C. MecCrone Associates, 500 E. 
33rd St., Chicago 16, IL 


June 9-13, 


Fourth International Automation Ex- 
position, Congress, Conferences, and 
Clinics, New York Coliseum. For in- 
formation write Richard Rimbach 
Associates, 845 Ridge Ave., Pitts- 
burgh 12, Pa. 


June 11-13 


Thirteenth Annual Meeting of the 
Association for Computing Machinery, 
University of Illinois, Urbana, III. 
For information write to the Assoc. 
for Computing Machinery, Jim Doug- 
las, Jr., Math. Dept., Rice Institute, 
Houston, Texas. 


July 14-25 


Special Summer Program in the 
Physics of Infrared Radiation, Massa- 
chusetts Institute of Technology. For 
information write Dr. Richard C. 
Lord, Dir. of Spectroscopy Labora- 
tory at M.I.T. 


June 16-18 


Second National Convention on Mili- 
tary Electronics, Sheraton-Park Ho- 
tel, Washington, D. C. For informa- 
tion write George Rappaport, Public 
Relations Director IRE, Inc., 1 East 
79 St., New York 21, N. Y. 


July 28-August 1 


Gordon Research Conference on In- 
strumentation, Colby Jr. College, New 
London, N. H. For information write 
Dr. W. George Parks, Dir., Dept. of 
Chemistry, University of Rhode Is- 
land, Kingston, R. I. 


Oct. 13-15 


1958 National Electronics Conference 
—the 14th Annual Forum on Elec- 
tronic Research, Development and Ap- 
plication sponsored by the American 
Institute of Electrical Engineers, I]- 
linois Institute of Technology, Insti- 
tute of Radio Engineers, and North- 
western and Illinois Universities, Ho- 
tel Sherman, Chicago. For informa- 
tion write National Electronics Con- 
ference publicity chairman, c/o II- 
linois Bell Telephone Co., 208 W. 
Washington St., Chicago 6, II. 


| 
| 


| 
| 
| 
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Here’s news about 


REACTOR 
INSTRUMENTS 


from Victoreen 


Reliable, accurate reactor instruments for use as individual 
components in “‘customized”’ systems . . . reactor instruments 
to ORNL specifications, or to your own specialized designs— 
that’s only part of Victoreen’s story. Perhaps best of all is 
that we’re in production and can ship all these and many other 
types. Bring your reactor instrument problems to Victoreen, 
the specialists in reactor instruments and instrumentation. 


Model 751 Linear Amplifier (ORNL 
Spec. DD2) for scintillation spectom- 
etry, reactor control, etc., and other 
applications requiring high gain and 
resolution, good dinearity, and fast 
overload recovery. 


Model 565A Micro-Microammeter 
Electrometer (ORNL Spec. Q826B). A 
stable and reliable instrument for 
measuring low currents in ion cham- 
bers and low impedance networks. 


LAR RAR AAR AAA AAA AAA ar 





Model 727 Logarithmic Count Rate 
Meter (ORNL Spec. Q1454B). A wide 
range, five decade instrument for use 
with all types of radiation detectors. 


Model 672AmA1D Linear Amplifier 
(ORNL Spec.§21326). Amplifies low 
signal level pulses from radiation 
detectors such as ionization cham- 
bers, proportional and scintillation 
counters. 





Model 695 Single Channel Differen- 
tial Analyzer (ORNL Spec. Q1192). 
A differential pulse height analyzer 
for separating pulses of varying 
amplitudes. 


model 683 


Model 683 Ultra-Stable Power Supply. 
An ultra stable de voltage source of 
the type required for precision scin- 
tillation counting, ete. 


COC PHC HHH OOH eo eee ESE MEE Ee erenececeresererece 


The Victoreen Instrument Company 
5806 Hough Avenue « Cleveland 3, Ohio 


WORLD'S FIRST NUCLEAR COMPANY 


For more information circle 137 on inquiry card. 
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Special mill services through your Superior Tube distributor 


* You may be faced with the need for tubing services that steel service center equipped to meet all your requirements 
only highly competent specialists at the mill can provide. You in tubing. He offers you: 

may need small tubing in hard-to-get analyses. Or of special e Small tubing in many analyses 

shapes, held to very close tolerances. Or with a closely con- @ Wide range of sizes 

trolled range of properties. Perhaps it must also. undergo e Tubing of highest quality for any applications 

rigid inspections and tests not normally available from tub- e Diversified stock 

ing suppliers. e Prompt price quotations and delivery 

Requirements like these call for a tubing specialist. e Use of his warehouse for your firm’s tubing inventory 

For more information about Superior tubing, write for a free 
CONTACT A SUPERIOR TUBE DISTRIBUTOR copy of Bulletin 40, “*A Guide to the Selection and Appli- 
His broad experience can help you solve many problems. cation of Superior Tubing.’ Superior Tube Company, 1968 
But most important of all—he can acquaint you in detail Germantown Ave., Norristown, Pa. 

with many special services offered by the mill. These include 

statistical quality control, nondestructive tubing inspection 


and testing, pilot and test lot sampling and melting, field 
specialist and specification services—there are many more. 


EQUIPPED TO SERVE YOU The big name in small tubing 
You will find that your Superior distributor has a modern NORRISTOWN, PA. 
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90% 


of all U.S. long-range missile *4 


test flights 
are recorded 


me Xen @E-\ FB w-) ek=) 


; quickly adaptable to use 1-mil base 
high-strength Mylar instrumentation Tape 
meets IRIG specifications 


records and reproduces up to 14 tracks 
of information 





low flutter .. . even at low tape speeds 








system frequency response from 0 to 100 kc 











& interchangeable Analog, PDM, or FM 
plug-in amplifiers 


a uses CEC all-metal-surface magnetic heads 


§ provisions for remote monitoring 


3 4% . 
b's iy i aly 


5-752 RECORDER/REPRODUCER 


For complete information on the 5-752, write for Bulletin CEC 1576-X22. 


CEC’s NEW ADJUSTABLE TAPE LOOP ATTACHMENT permits the 
standard 5-752 Recorder/Reproducer to be converted quickly 
and inexpensively into a continuous loop transport for repeti- 
tive playback and data analysis. Loop lengths are adjustable 
from 2 to 20 feet. 





EXCLUSIVE NEW FEATURE of the 5-752 now permits 

the use of I-mil base Mylar tape and allows 7200 feet 

of tape to be loaded on a 14-inch reel. Provides 50% more tape 
footage with radically reduced opportunity for tape breakage. 





DataTape Division 


&) Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 














editorial 


The IRE Show 


The statistics of the IRE Show are in themselves 
startling-—17,000 pieces of exhibited apparatus, 850 
exhibitors. 214 miles of booths, 280 technical papers. 
ete., etc. All branches of the electronic art and science 
from nucleonics to medical electronics were covered 
both by exhibited apparatus and by technical papers. 

Yet behind the glitter and the glamor and the sensa- 
tional novelty, it appeared to your editors, who spent 
the week both touring the exhibits and sampling the 
papers, that the field of electronics has settled back 
into a period of healthy slow development and atten- 
tion to details, to unsensational but important ad- 
vances in hardware and components, to extension of 
ranges by all-important factors of 5 and 10 percent. 


Digital Techniques 

Neither analog nor digital techniques can be con- 
sidered “new” this year. But noteworthy was the in- 
troduction of several new lines of digital logic-type 
plug-in-type elements that permit rapid development of 
data-handling systems. digital computers, special-pur- 
pose computers, logic systems, control systems. ete. 
These were introduced by Harvey-Wells Electronics, 
Mack Electronics Div. of Mack Trucks, Ine.. and 
Digital Equipment Corp. 

The field of digital techniques for computation 
and control via symbolic logic, matrix systems and 
plug-in digital circuits, is one of tremendous and rela- 
tively untapped potential, and involves concepis that 
are new to most process engineers. Thus the 90-minute 
lecture-demonstration clinic classes on these tech- 
niques (which will be held at the Fourth International 
Automation Exposition) to be given by Computer 
Control Company and Engineered Electronics Compa- 
ny are of particular importance to all process engi. 
neers, as are the clinic sessions on general-purpose 
digital computers (Bendix Aviation), process control 
by digital computer (Thompson-Ramo-Wooldridge }, 
Compu-Tronics (National Cash Register). Input 
Output Digital Devices (Potter Instrument Co.) and 
static punched card sensing (Taurus). These are 
recommended by your editors as an enjoyable and 
powerful way to learn the many new concepts in- 
volved. More details are given on pages 614 and 6957. 

In commenting on digital techniques, an important 
new book was introduced at the IRE show by Instru- 
ments Publishing Company. The book DIGITAL 
TECHNIQUES FOR COMPUTATION AND CON. 
TROL by Dr. Martin Klein, et al, is a long-awaited 


work that will be a major contribution to this field. 


Analog Techniques 

Year after year vour editors have singled out 
analog computers as devices of great potential for the 
process industries. At the IRE Show, Mid-Century 
Instrumatic unveiled the 48-amplifier MC-5800 with 
high flexibility for input-output devices; Donner Sci- 
entific introduced a desk-top analog computer; Elec- 
tronic Associates exhibited the powerful 231R PACE: 
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Beckman exhibited its expansible KLASE; and the new 
D series high-speed analog computers of GPS Instru- 
ment Company aroused great interest. 

Here again is a field requiring new concepts and 
techniques of the working process engineer, and here 
again the clinic classes of the Fourth International 
Automation Exposition offer every engineer an oppor- 
tunity to learn them quickly. Electronic Associates and 
GPS Instrument Company will cover both the prin- 
ciples and applications of real-time and fast-time 
analog computers (see pages 614 and 657). 


Components and Hardware 

\s has been mentioned, the major emphasis at the 
vast show was on components and hardware. Among 
the many components of particular interest to process 
and instrument men was the new “Sensistor” of Texas 
Instruments, a silicon resistor with stable positive 
temperature coefficient of 0.700/C°. This suggests 
use as a temperature detector or compensator. 

Printed circuits, plug-in modules and miniature 
components are the obvious trend in the fabrication 
field. 


Recorders 

The past few years have seen exciting developments 
in recorders, a third field with extraordinary growth 
potential. If there could be a single “outstanding” dis- 
closure at the IRE Show, your editors would vote 
for a small recorder that operates on the oldest prin- 
ciple known to recording. This is the RUSTRAK 
miniature chopper-bar-type recorder of Rust Industrial 
Company, and it earns our vote not because of its 
size, accuracy and simplicity, but because of its very 
low price. 

This recorder, plus the many others at the IRE 
Show, will be discussed in our May issue, devoted en- 
tirely to recorders. 


Medical Electronics 

The field of medical electronics, although repre- 
sented by a few papers and a few important develop- 
ments, such as the spectroanalytic analyzer of FTL. 
ITT. was described by Walter E. Tolles (chairman 
of the IRE session on Medical Electronics) as “not yet 
an industry” and a “long way from being big busi- 
ness.” 

This situation is caused in part by lack of support 
for medical research by our nation, individually and 
collectively, and in part by lack of knowledge of elec- 
tronic equipments and instruments by the practicing 
physician, diagnostician, therapist, and researcher. 

Hence your life and future welfare is affected by 
the news that a national trade publication devoted en- 
tirely to medical electronics will soon appear and reach 
30,000 workers in the field of medicine. This news 
evoked great interest at the IRE show. It is fitting 
that this publication is being brought out by 
Instruments Publishing Company, the company that 
brought out a magazine in the field of instrumentation 
(this publication) thirty years ago—when instrumen- 
tation also was “not yet an industry.” For the sake 
of mankind, we pray that 30 years from today the 
field of medical electronics will achieve the stature 
of the instrument industry of today. 
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Fourth International Automation Exposition C L i Ni i C C L A S$ S E S 


COMPUTER CONTROL OF CHEMICAL PROCESS PLANTS— 

Thompson-Ramo-Wooldridge Products Co. Separate classes on: 
Computer contr oi! refineries and chemica! process plants 
Automatic test contr 
Profit improvement 


and data reduction 
via n-line contr 
ir 
lest time savings v ntro! and data r 


site 
HIGH-SPEED ANALOG COMPUTERS—GPS Instrument henry 


Features and adv antages of high-speed computers v 2a|-time 
computers ypica! applications. 


THE ANALOG COMPUTER IN CONTROL SYSTEM DESIGN— 
Electronic Associates, Inc. 

The nature and capabilities of the ana 

Applying the analog computer + 

Simulating a contro! system 
LOGICAL DESIGN AND DIGITAL TECHNIQUES—Computer 
Control Company 

Design of digital systems using block technique 

The logica! element and zic mathematic 


Unitized logical element 


DIGITAL COMPUTER TECHNIQUES AND PRACTICE—Roya! 
McBee Corporation 
Digital comouter elements. and operat 
Instruction and programming 
Typical applicat 
Demonstration and dis 


DIGITAL COMPUTER PRINCIPLES AND APPLICATIONS— 


Bendix Aviation 


f the LGP-3 


ng point input and output 


ANALYSIS AND OPTIMAL CONTROL OF CHEMICAL PROC. 
ESSES—Quarie Controllers 
Analysis of proces characteristics—a dis 


optima 


recnniques tor anaiys and p 
> 
+ 


Types of characterist hem 
The Quarie Controller for optima ntr 


COMPU-TRONICS—National Cash Register Company 


Disclosure of a new technique and new equipment 


ELECTRONIC CIRCUITS VIA PLUG-IN MODULES—Engineered 
Electronics Co. 
Features of modern plug-in 
Developments of circuits w 


+ 


Symbolic logic circuits 
AUTOMATIC PROGRAMMING AND TESTING VIA STATIC 
PUNCHED CARD SENSING—Tourus ony co Se 

The static punched card sensor w positions, a new at 
testing. Features and 


th wr 


proach ft automat por arunidiint aud 
applications. 
GAS ANALYSIS BY THERMAL CONDUCTIVITY—Gow-Mac 
Instrument Company 
Principles of gas analy by therma nductivit 
Chromat jrapnhy 
Typical applications a 
PLANT ECONOMICS WITH OPERATIONS RECORDERS— 
Gorrell & Gorrell 
Use of recorders for analysis of plant operat 
Economics of recording and analys 
Multi-point recording 
WEIGHT, LOAD AND STRAIN CONTROL IN INDUSTRY— 
Baldwin-Lima-Hamilton Corp. 
Principles and practice of SR-4 techniques 
Applications in weight, load, torque strain, etc 
Current status of SR-4 devices in automation 
FLOW MEASUREMENT AND CONTROL WITH’ TURBINE 
FLOWMETERS—Potter Aeronautical 


Principles of Pottermeter turbine-type flowmeters and related 


nad demonstrat 
$ 


instrumentation 
Typical applications in 
Calculations for mass flow, digital readout, etc. 
PRESSURE CONTROL WITH PRESSURE SWITCHES—Gorn 
Electric Co., Aircraft Control Co. Div. 


Princ ples and practice of pressure swifcne 


flow measurement and control 


Selection and application factor 


Tyoical applications in aircraft and industr 


STRUCTURAL PARTS FOR PRINTED CIRCUITRY—Gorn Elec- 
tric Co., Electronics Div. 
New ccncepts in printed 
Structural parts and connectors 
Assembling actual circuits with 
LEVEL AND FLOW CEINO.-heinhotenh Equipment penal 
Principles and applications of all type 
POTENTIOMETER RECORDERS—The mnie Company 
Principles of self-balancing recordin 
Applications in industry and research 
High-speed self-balancing technique 
PHOTOGRAPHIC TECHNIQUES FOR AUTOMATION—Karl 
Heitz, Inc. 
Survey st pr 
Aut mat tach 
High-speed photography 
PRECISION ELECTRO-MECHANICAL COMPONENTS AND 
SERVOS—PIC Design — 


Pre r nstrument systen ising electr mecnar 3 part 
Electro-mechanica 
Use of stock parts for pre n systerr 


SELECTIVE DATA PRINTERS—Copy-Craft, Inc. 


Jata or 


3 


PROCESS SCANNING AND LOGGING neaoieS 
Panellit Corp. 

The integrated 

New scanning and 

Typical applicat 

Built-in computing dev > 
MATHEMATICAL TOOLS FOR RAPID DATA ANALYSIS— 
Gerber Scientific Instrument Co. 

Applications of the variable scala 

Graphical-numerica tir 

hee >raphAna 
ng de 


ng equations ves via 
CONTROL SERVO SYSTEMS—Waldorf Instrument Co. 
Servo building blocks for digital indicator ntegra 
agriven ana@iog ind Tors na 3-7 Wqita nvert 
The “Micromation” cor 


ELECTRO-MECHANICAL COMPUTER ELEMENTS—Waldorf In- 
strument Co. 

Siimiaiure «differentiate? i erataran aia 

typical analog computatior 

PRECISION DIMENSIONAL MEASUREMENT & CONTROL— 
Datex Div., 6. M. Giannini & Co. 

App! catic of shaft-position er Jers in the laborat 
ndusfr pr es and apo icat 


y 


OFFICE RECORDING TECHNIQUES—Miles Reproducer Co. 


te ce re raing 


tor 


the machine-tc 


The preblem « 


hronized indexing, corrections, cas st 


AIR AND GAS MOISTURE CONTROL—rinity sciiaaiaia Corp. 
ying air and gase to 5000 p 
fapor and dewpoint fundamentals 
ompressor dehydrators for waveguide pressurization 
The ‘Heatiess Dryer’ in industrial application 
AUTOMATIC MACHINE TOOLS AND MEASURING SYSTEMS 
—Warner & pow Research Corp. 
Tape-control systems for machine 
Basic tape "ont tems and design nsiderat 
cation factors. 


nd measuring syster 
Practical app 
WORK SIMPLIFICATION WITH BASIC WORK CENTERS— 
Alden Systems Co. 
Combining automatic with manual 
straightline production flow. 
The Alden work center 
SPEED CONTROL—The Electric Products Co. 
Varipack, the all AC adjustable speed drive, backgr 
application, 


2perations without | 





SEE CLINIC REGISTRATION CARD ON PAGE 657 
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BRAIN 


Bristol 

computing telemeters 
give gas dispatcher 
instant, continuous, 
fully-corrected 

gas flow values 


THE BRISTOL METAMETER* 
computer at United Gas Im- 
provement Company continu- 
ously monitors this gas distri- 
bution network, automatically 
totalizes and corrects flow, and 
transmits results to central dis- 
patching office at Reading, Pa. 
*T_M. Reg. U.S. Pat. OF 





\ 


ALLENTOWN \ Bu: 



































60 MILES LONG 


computes for this dispatcher 


The instruments you see above are the readout end of a new Bristol computing 
telemeter system. They’re installed at the Reading, Pa., headquarters of 
United Gas Improvement Company, whose natural gas distribution network 
serves the areas around Reading, Harrisburg, Lancaster, and Allentown, Pa. 
(See map.) 

In seconds, the Bristol computing telemeters provide the gas dispatcher with 
integrated total flow values it used to take him hours to get —if at all. And the 
readings are fully and automatically corrected for factors like pressure, tem- 
perature, supercompressability and specific gravity. In fact, the continuously 
computed readings have generally agreed with the gas vendor’s billing meter 
totals far more closely than the specified 1.5% accuracy. 

Find out how a Bristol computing telemetering system can eliminate slide- 
rule work, information delays and uncertainties from your distribution system 
for natural gas or any other fluid, whether it covers miles or only a few hun- 
dred yards. Write:The Bristol Company, } 13 Bristol Road, Waterbury 20,Conn. 


B R i Ss i 0 L TRAIL-BLAZERS IN PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
For more information circle 15 on inquiry card. 
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This introduction to nuclear reactor phys- 
ics presents (1) nuclear structure. (2) the 
energies involved in nuclear bonds, (3) 
mass-energy relations, (4) the environ- 
ment required for a chain reaction, and 
(5) the various types of nuclear reactors. 


A. A. MARKSON 


Hagan Chemical & Controls, Inc. 








INTRODUCTION TO REACTOR PHYSICS 


UCLEAR transformations, fisson in particular. 
N are the present basis of atomic power. A sort 
of chemistry of the nucleus has arisen reminiscent of 
ordinary inorganic and organic chemistry, but with 
one enormous difference. Ordinary chemical reactions 
seldom involve energies of over 1 ev (electron volt): 
nuclear reactions run into kev, Mev. and Bev energies 
(thousand, million and billion electron volts). 


Units of Energy 

Energy units used in the atomic energy field are 
generally based on the centimeter, gram, and second 
(C.G.S.) system. From high-school physics we recall 
that the erg is the basic unit of energy. the work done 
against gravity in raising a one gram mass one centi- 
meter, or a dyne centimeter. The joule is the practical 
energy unit. equal to 10,000,000 ergs. 

1.183 joules equal one small calorie. thus relating 
work and heat. A joule per second is a watt. the 
power unit common to both English and metric svs 
tems. 

The term electron volt (ev) is encountered through- 
out the atomic field. An electron volt may be defined 
as the energy required to move a unit (electron) 
charge through a potential of 1 volt. It is a small 
unit in nuclear reactions and therefore kev. Mev, Bev 
respectively are encountered as thousand, million and 
billion electron volts. The electron volt is well suited 
for expressing charged particle energies. and is con- 
vertible by transformation constants into the more 
familiar energy units. 

The potential at a point is measured by the work 
required to bring a unit positive charge to that point 
from a region far removed from electric charges. from 
infinity. mathematically. Consider the unit charge as 
the charge of one electron or proton, This quantity 
of charge is minus or plus. as the case may he. The 
work is plus or minus depending on whether the 
charges repel or attract. 
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Alternately. the kinetic energy gained by an elec- 
tron in falling through a potential difference of one 
volt also can be expressed as one electron volt (ev). 

Thus (15)mv? = kE, where E is in electron-volts, 
k a constant. 

This relationship is useful in calculating particle 
velocities in an electric field when the mass, charge 
and potential are known. 

Since mass and energy are convertible by the Ein- 
stein equation (FE == me*). other relations follow: 


Fk (calories) m (grams) x 2.15 x 10% 
E felectron volts) m (grams) x 5.6] x 10° 


1 calorie 2.62 x 10!” electron volts. 


If the mass is expressed on the physical atomic 
weight (mass) scale, by introducing Avogadro’s 
number* into the gram equations: 

(Mev) — 931 x Mass (on the atomic weight scale) 

By this equation one takes a given difference of 
masses (given by the physical atomic weight scale) 
and multiplies this by 931 to give the hypothetical 
conversion energy value in millions of electron volts. 

A relationship between photons of definite wave- 
lengths and the energy of such photons is defined by 
Planck’s monumental relationship: 


E (ev) = he => be/A 


Planck's constant. 1 frequency, c 


wavelength. 


where h 
locity of light in vacuo, A 

\s a memory aid. one electron volt approximately 
corresponds to 12345 Angstrom units. This is in the 
infrared. From this. 4000-AU radiation (in the ex- 
treme violet) is approximately 3 ev. which is suffi- 
cient to ionize the most loosely bound outer electron 
and is of the order of chemical ionization potentials 
which are concerned with valence electrons only. 
*Avogadro’s number tells us that there are 6.02 x 10" atoms 
in a mass in grams of an element equal to its atomic mass as 
given by the physical atomic mass table. 





Nuclear Structures 

Physically, the atom is said to consist of a nucleus 
plus orbital electrons. Almost all of the mass resides 
in the nucleus as protons and neutrons. The number 
of protons: is commonly called the atomic number 
(7), which is also the number of orbital electrons in a 
neutral atom. The mass number of an element (A) is 
the sum of the neutrons and protons (Z + N}. Note 
7. The mass 


number is almost, but not quite, the same asthe 


that the number of neutrons equals A 


physical atomic mass. 

In discussing a particular nuclear structure, the 
term nuclide is encountered. Nuclide applies to atom 
species as characterized by the properties of their 
nuclei: a nuclide is a complete nucleus. 

\ nucleon is a proton or neutron, a constituent of 
an actual nucleus or nuclide. 

Isotopes of elements are nuclides which have the 
same number of protons as the element. This number 
is the element's atomic number and unambiguously 
names the element. The atomic mass of an isotope 
differs in mass from other elements of the same atomic 
number by the number of neutrons in the nucleus. 
(In the older chemistry. isotopes were stated to be 
indistinguishable by ordinary chemical means.) 

The 1957 edition of the Mandbook of Chemistry 
and Physics lists over 600 isotopes. mostly man-made. 
Uranium, for example, has 14 isotopes listed. all 
radioactive, the majority being artificial. 

Nuclear tsobars are nuclides of different elements 
having the same mass numbers. For example, P** and 
S °°’ are isobars:; A is the same for isobars, but Z and 
N are different. 

The use of the superscript for atomic mass is some- 
times replaced by writing the mass “in line,” although 
the standard convention is to write the atomic number 
as a subscript and the mass as a superscript. Thus 
oHe! refers to that isotope of helium, atomic number 2. 
whose mass number is 4. This can also be written 
as Hed. 

Nuclear isomers are atoms having both the same 
atomie number (Z) and the same atomic mass (A). 
The nuclei differ in radioactive states of excitation 
energy. 

An unfortunate thing took place because of the ex- 
istence of isotopes. Oxygen, on the International 
Chemists Atomic Weight Seale, is arbitrarily 16. How- 
ever, oxygen exists in the atmosphere as 99.76% of 
an isotope of mass 16, together with 0.04% of oxygen 
of mass 17.0045 and 0.206 of a third isotope of mass 
18.0049. The weighted mean of these values is 16.0044 
so that atmospheric oxygen has a mass of 16.0044 on 
a Physicist’s Atomic Mass Table, whereas the chem- 
ist’s 16.0000 is based on the natural mixture. Such 
minute differences are very important in nuclear ener- 
ey calculations. The ratio of the two seales is 1.000275. 


Packing Fraction and Binding Energy 
If the nucleus consists of neutrons and_ protons, 
both of which have masses of almost unity, then the 
atomie weights of all elements should be very close 
to whole numbers because the electrons weigh almost 
nothing. A surprisingly large proportion of the natur- 





MASS NUMBEF 
FIG. |. ASTON'S PACKING fraction curve for stable 
nuclides. This represents mass excess or deficiency— 
that the difference between actual mass and theo- 


rat 


al elements have atomic weights which differ from in- 
tegral values by considerable amount, such as 0.1. 

If the atomic mass, to the nearest whole number, 
is taken as a reference, the difference between this 
number and the actual atomic mass gives the “excess” 
or “deficiency” of theoretical mass. This difference 
divided by the mass number is a very minute frac- 
tion, so that F. W. Aston in 1927 proposed a defini- 
tion of this relationship (called the packing fraction) 
as follows: 

FY F. 10.000 (Isotope Mass—Mass Number) /Mass 
Number, where the mass numbers are integers, or 
whole numbers. 

Fig. | shows a curve of Aston’s packing fraction 
for stable nuclides. Although He, C and O do not fall 
on the curve, and although there are other deviations, 
qualitatively the light elements up to sodium show a 
positive fraction, the isotopes between sodium and 
tantalum show a negative fraction, and above tanta- 
lum the fraction is positive. 

A negative packing fraction suggests that there may 
have been a conversion of mass into energy when 
nature made these nuclides. Thus, if it were possible 
to synthesize nuclides up to almost mass number 50 
(say by raising the mass number by adding protons), 
enormous energy would be released. But to carry this 
simple concept above mass 50 it would seem im- 
possible to get energy. In fact it would have to be ab- 
sorbed. 

On the other hand, if we start at about mass 240 
we could, by a process of decomposition of nuclides, 
produce elements down to mass 60 in accordance 
with this notion, again with great energy releases. 
This is fission, and we come to the striking conclu- 
sion that there seems to be no direct way of splitting 
the heavy elements into the primary building blocks 
or even into atoms lighter than mass 50 or so. This 
suggests that nature may have used two different proc- 
esses in producing all the elements. 

If we used the exact masses of the neutron, proton 
and electron (rather than the integer values) we could 


calculate a more exact set of mass excesses or defici- 


encies. Remembering that one proton demands one 
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FIG. 2. BINDING ENERGY per nucleon as a function 
of the mass number for stable nuclides. This represents 
energy equivalent in Mev of the true mass excess or 
deficiency. Energy per nucleon can be converted into 
energy per nuclide by multiplying by the true mass 
number of the nuclide. 


orbital electron, and neglecting an exceedingly minute 
mass change when one proton unites with one electron 
to give hydrogen, we can use the mass of the neutron 
and the hydrogen atom for calculating a “true” mass 
number of any element. 

Thus, an atom of Z protons and A — Z neutrons 
(A being the ordinary mass number) would have a 
calculated built-up value of: 


(Z)(Mass of hydrogen atom) + (A—Z)(Mass of neutron) 


This value would differ from the actual isotope 
mass by the true mass deficiency or excess. This is 
called the true mass defect, =. We may apply Ein- 
stein’s equation to this “discrepancy” by multiplying 
this value by 931 (as described earlier). We now 
have the equivalent of the mass defect in Mev and 
therefore, a quantitative figure for mass-energy trans- 
formations in general. 

For a given nuclide we will call this result the 
binding energy of the nucleus: 


B.E. = 931 [Z(Massu) + (A—Z)(Masss) — (Actual Mass) ] 


where the masses are exact mass numbers. 

The curve of the binding energy versus mass num- 
ber is shown in Fig. 2; it is almost an inversion of 
Fig. 1. Note the broad maximum at about 8.7 Mev, 
and that the B.E. is about 7.5 Mev for uranium. It is 
this difference which is the source of fission energy. 

Note the even greater difference in binding energy 
that exists between hydrogen and any heavier ele- 
ment (up to the peak of the curve). This is the source 
of fusion energy. 

Note that the curve in Fig. 2 is binding energy per 
nucleon. Remembering that a nucleon is one proton 
or neutron, and that one nuclide has a number of nu- 
cleons equal to its mass number, then any energy 
figure taken from this curve can be converted into 
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energy for a given nuclide by multiplying the figure 
by the exact mass number of the nuclide. 


Nuclear Reactions 

According to Einstein’s mass-energy equation, the 
nuclear reaction energy must be exactly balanced by 
the changes of mass in the reaction. For example, if 
a process releases energy (Q positive) there is less 
mass after than before, whereas if the process absorbs 
energy there is more mass produced, implying that 
the total mass of the products exceeds that of the orig- 
inal particles. Let us look at the historic transmuta- 
tion reaction studied by Cockcroft and Walton in 
1932 when they bombarded Lithium* with protons, 
forming 2 alpha particles. This reaction is: 

3Li? + ,H!' = oHe* -+- oHet + Q (17.2 Mev) 


It was the first purely artificial transmutation reaction 
brought about by man by use of a particle acceler- 
ator. Note that the lithium isotope of mass 7 and 3 
protons captures a proton (a hydrogen nucleus) with 
the production of 2 helium atoms. The helium atom 
state He? is known as an alpha particle. 

Let us abbreviate this reaction according to a 

scheme devised by Hans Bethe in 1935. Although 
the convenience of denoting the atomic number is 
worthwhile. the naming of the atom and its nuclear 
mass really takes care of this because the atom’s name 
is completely connected with its atomic number. 
Bethe’s system writes the reaction as follows: 
Li? (p.«) Het. This is called a (p.~) reaction. 
This states that the isotope of lithium of mass 7 has 
engulfed protons, released alpha particles, the end re- 
sult being helium. 

In this reaction Q is 17.2 Mev. Since 17.2 Mev 
equals m (atomic weight) x 931, by Einstein's equa- 
tion m= 0.0185. Since there is a liberation of Q. 
we should expect the mass of resulting helium to be 
less by 0.0185 units than that of the original lithium 
and proton, 

The actual isotopic weights are known with con- 
siderable accuracy. Thus, 

Li’ = 7.0182 He’ = 4.0039 
H' = 1.0081 He‘ = 4.0039 
8.0263 8.0078 
The difference is 0.0185, thus confirming the mass 
energy law, since confirmed abundantly. 

The mass of certain unstable or rare nuclides are 
now actually determined by this relationship when 
direct methods are unavailable. This expresses the 
present state of confidence in the Einstein equation. 

It is probable that the first step in an artificially 
produced nuclear transformation is the formation of 
a compound nucleus due to coalescence of a project- 
ile (particle) with the target (a nucleus). This nu- 
cleus, having excessive energy, will often break up. 

If the projectile is a neutron, there should be almost 


no potential barrier resisting its entry into the nucleus 
because the neutron has no charge. Hence neutron re- 
actions are common. Neutrons of any velocity can 
react with every known atom but helium. (Helium 
is the most stable nuclide known.) 

Sometimes the energy of a compound nucleus is 
not enough to expel nucleons (nuclear particles) 





after bombardment. In this case some or all of the 
excess radiation is released as gamma_ radiation 
photons. This is common in neutron reactions, 

The neutron symbol in this event would be (n, y)— 
that is. following the Bethe notation, an (n, gamma) 
process, 

The simplest (n.y ) process oecurs with a slow 
neutrons as follows: 

iH! 
otherwise written, 
H! (n, y) H? 
This describes the reaction when slow neutrons bom- 
bard a hydrogen target. The end product is deuterium, 
heavy hydrogen, with the release of gamma radiation. 

The possibilities of bombardment reactions are 
many, including the discovery of the new transura- 
nium elements. Neptunium was the first, discovered 
by MeMillan and Abelson in 1940, using slow neu- 
trons. This historic reaction is: 


U238 (ny) U239 


and 
921239 93Np239 


The Fission Reaction 

It was stated that neutrons will react with any 
known element except helium, The product of this 
reaction is not necessarily fission of the target. For 
fission, the nucleus must satisfy two conditions, First. 
it must be fissionable. Second, since spontaneously 
fissionable materials would have disappeared eons 
ago. the fissile material must be struck by a neutron 
which can furnish the right triggering energy. (This 
is similar to a mixture of oxvgen and hydrogen 
capable of remaining in an inactive state until spark 
energy is applied.) 

The binding energy of the nucleus is measured by 
the mass which would be converted into energy if the 
particular atom were to be assembled from its com- 
ponent parts. 

When the slow neutron hits a U235 atom and U236 
is formed: 

B.E. U236 — B.E.U235 = 6.6 Mev 
When a slow neutron hits U238 and U239 is formed: 
B.E. U239 — B.E. U238 = 5.3 Mev. 


Now, according to the simplified Bohr-Wheeler 
treatment, the critical triggering energy for U238 is 
5.9 Mev, compared with 5.3 Mev for U235, This 
makes the rarer isotope more fissionable by slow neu- 
trons because the addition of a neutron with zero 
kinetic energy raises the U235 nucleus above the criti- 
cal value, but fails to do so by 0.6 Mev in the case of 
(1238. Therefore, 0.6-Mev neutrons (fast neutrons) 
are required for the fission of U238. In practice, neu- 
trons of 1 Mev are needed. Similar considerations 
apply to the fission of thorium 232, protactinium 231 
and neptunium 237, all of which require fast neutrons. 

An odd number of neutrons characterizes the easy- 
to-fission isotope. Thus, U233, U235 and Pu239 con- 
tain even protons and odd neutrons and are fission- 


able by slow neutrons. N,237, Th232 and U238 re- 
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FIG. 3. EVENTS in a chain reaction. 


quire fast neutrons because they have an even number 


of neutrons. 

In constructing the background of chain reaction, 
two unique properties of the neutron should be kept 
in mind, 

First, the neutron is capable of reacting with every 
known atom but helium, and this applies to neutrons 
of any velocity. This property of universal reactivity 
does not depend at all on extreme particle energies. 

Second, the reaction yields are uniquely good. For 
example, one incident neutron can and does produce 
more than one product neutron in the fission reae- 
tion (Fig. 3). Obviously, it is this property which is 
the key to a chain reaction. 

The results of slow neutron fission of U235 are 
summarized by the following data. First, the approxi- 
mate energy balance is shown in Table 1. 


TABLE 1—U235 FISSION ENERGY RELEASE 


Kinetic energy of fission fragments _... 

Beta particles and neutrino energy 
Fission neutron kinetic energy ................... 

Gamma rays 

Total 201 Mev (+6) 

This checks well against direct binding-energy 

figures of about 200 Mev. and direct measurements by 
calorimetry, ete. 

__ Fig. 4 is a classic distribution curve for the prod- 
ucts of a fission of U235 by slow neutrons. Note that 
the peaks of maximum yield fall within two groups— 
(1) a light group with mass numbers from 85 to 104 
with a peak at about 95 and (2) a heavy group from 
about 130 to 148, with a peak at about 140. Thus, 
fission is not a matter of equal fragments; there is a 
plane of symmetry about mass number 117 for the 
fragment distribution. 


April 1958—IJnstruments & Automation—Page 619 





FRAGMENT 








‘o) 


FISSION YIELD (9% 


| i | 
80 100 120 140 














MASS NUMBER 


FIG. 4. FISSION YIELD 


>$ U235 by slow neutr 


Neutron Emission 


Neutron emission is the key to chain fission. When 
a neutron strikes its target (perhaps the nucleus of a 
uranium atom) an intermediate fission product may 
be formed. The fission product may be radioactive 
(unstable). expressed in terms of short half-life. 
Hence the emission of some neutrons or other particles 
from the fission product can be delayed, depending 
on the half life of the source. although most neutrons 
appear “right now.” 

In the fission process with uranium. many of the 
fission products (Fig. 4) are neutron emitters. The 
delay in neutron emission depends on the half life of 


each product. as shown in Table 2. 


TABLE 2—YIELD OF DELAYED NEUTRONS 

AND NEUTRON ENERGY OF VARIOUS PROD- 

UCTS OF FISSION FORMED WHEN U235 IS 
BOMBARDED WITH SLOW NEUTRONS. 


Half-life of % Yield of Energy 


emitter, sec. Neutrons s Mev 


55.6 0.05 0.25 
225 0.17 0.56 
4.51 0.21 0.43 
1.52 0.24 0.62 
0.43 0.08 0.42 
0.05 0.025 


Total 0.75%, 
Neutron Types 
The velocity spectrum of neutrons extends roughly 
from about 0.01 ev to well over 20 Mev in terms of 
energy. A 0.001-Mev neutron (1000 ev) has a speed 
of 430,000 meters per second, whereas a 1-Mev neu- 


tron has a speed of about 14,000,000 meters per sec- 
ond. A neutron with an average energy of 0.025 ev 
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is pretty much in the same state of thermal agitation 
as its surroundings. Its energy varies with tempera: 
ture and it is, therefore, called a thermal neutron. 
However, it is still in lively motion, having a speed of 
perhaps, 2.000 meters per second. 

For convenience, neutrons having energies up to 
about 100 ev are called slow neutrons, The term ept- 
thermal neutrons applies to neutrons in the range 
ihove thermalization and below 100 ey 

\ roughly defined range from LOO ev to 0.1 Mev is 
called intermediate neutrons. while fast neutrons are 
again roughly defined from energy levels of 0.1 Mey 
and up. 

When the reacting neutren is in the resonance 
capture range of the target it is called a resonance 


neutron 


Nuclear Cross-Sections 

The cross-section concept is an engineering simpli 
fication of some complex reactor engineering ideas 

The efficiency of nuclear reactions involving bom- 
bardment can be stated in terms of the number of 
particles emitted (nuclei undergoing transmutation) 
for a given number of incident particles. The effi- 
ciency is vanishingly low for practically all bombard 
iment processes, 0.106 being a very substantial figure. 
Neutrons are the big exception. 

Incident particles can produce a reaction only when 
they hit the target “bullseye.” thus the size of the tar- 
get will govern the number of bullseye hits per 100 
projectiles. If a bombardment takes place with rela- 
tively high efficiency. the target cross-section can be 
considered large for the particular reaction. This 
~imple physical idea is in widespread use because it 
can represent many important properties of nuclear 
reactor materials. There ean be fission cross-section. 
absorption cross-section, scatter-capture cross-section, 
ete, 

Suppose Tis the number of particles striking one 
~quare centimeter of target. Let A equal the number 
of these nuclei which undergo reaction as a result the 
| partic les. The efficiency is A/T. 

Suppose A square centimeters is the cross-section 
area per nucleus apparently 10007 effective for the 
process, the remaining area having no effectiveness. 
Suppose too. that there are actually N particles per 
square centimeter of target area. 

Then. the number of particles really effective is N A 
per square centimeter. 

This is also the fraction of bullseves or reactions 
scored by T incident particles, or A = NAT. from 
which A —- A/NI square centimeters per nucleus. In 
other words, the cross section per particle is equal to 
the observed efficiency of the bombardment reaction 
divided by the number of target particles per unit 
area. 

This nuclear cross-section varies from reaction to 
reaction. However. experimental values usually range 
from 10-*7 to 10>*4 square centimeters per nucleus. 

The American physicists Holloway and Baker. in 
1912. proposed a code word for the unit of cross sec- 
tion. This unit of cross section was taken at 10~74 
square centimeters. and humorously coded “a barn” 


heeause having a cross-section target of 10-4 square 
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FIG. 5. NUCLEAR CROSS-SECTION for neutron cap 
ture by boron decreases uniformly as particle speed 
ncreases 


centimeters for nuclear processes is like shooting at 
the broad side of a barn. Actual cross-sections range 
from 10~* (or less) to 10* barns for different reac- 
tions. 

It must be emphasized that the cross section is not 
a single distinguishable physical property of an atom. 
like the section modulus of a beam. It is a highly qual- 
ified concept, applying to a particular type of. situ- 
ation, 

The absorption cross-section is one of the most im- 
portant cross sections because it tends to measure the 
capture of free neutrons by various elements. For ex- 
ample, the excessive capture of free neutrons by a re- 
actor material can kill the possibility of a chain fis- 
sion reaction. Materials with a high neutron capture 
cross-section, such as certain boron and hafnium iso- 
topes, owe their usefulness as control-rod materials 
to this particular property. 

Many elements. especially of atomic weight over 
100, exhibit what are known as resonant absorption 
peaks. This means, in effect, that the absorption cross- 
section rises sharply for certain values of neutron 
energy. Some elements (such as cadmium and rhod- 
ium) have only one peak while others (such as gold) 
have two or more. These peaks can be found anywhere 
up to 10 ev and more. 

1238 has a decisive peak at 5 ev. at which the 
cross section rises to several thousand barns. At such 
low neutron energies the capture reaction usually 
emits gamma energy. 

Since the actual nuclear cross-section is only a few 
harns. the explanation for this unusual expansion of 
the target at resonance is of some interest. Briefly. 
the explanation is bound up with the thought that if a 
compound nucleus can be formed at or near the ener- 
wy level of the incident neutron, the probability of 
neutron capture will be unusually high. 


Basic Types of Fission Reactions 


Figs. 5 and 6 illustrate resonant and nonresonant 
neutron capture in terms of capture cross-section. 
In examining the variation of absorption cross- 














| ! 
00m 0 10 10 100 10900 
NEUTRON ENERGY (ev) 
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capture by cadium |13 shows resonant peak when par- 
ticle speed has eneray of about 0.5 ev. 





section with neutron velocity, the cross section for 
slow neutrons usually decreases with the velocity. This 
region is spoken of as the 1/v region and it is indefi- 
nite. Following the 1/v region many elements, es- 
pecially of atomic mass over 100, exhibit resonant 
peak phenomena. 

The foregoing diversions from the fission phenome- 
non has to do more with considerations of chain re- 
actions than with neutron fission itself. Actually, the 
elements above tantalum are known to be capable of 
fission, but for an agglomerate of reasons uranium 
and thorium are at present the only “practical” ma- 
terials. Further, thorium 232 is useful, not because 
it is a fissile material, but because the capture of a 
slow neutron in a (n, y) reaction starts a reaction 
which after some days gives U233, a chain-reaction 
material: 


Th232 + n — Th233 (23 min) 
Th233 — Pa233 (27.4 days) + 8 
Pa233 > U233 +- B 
U233 is an alpha emitter of 1.63 x 10° hr half-life. 


Natural uranium in a pure form is an isotope mix- 
ture, 99.28% U238, 0.71% U235 and 0.006% U234 
(for most purposes spoken of as 99.25% U238 and 
0.75% U235). 

U238 is not capable of conducting a chain reaction 
hy itself because slow neutrons will not fission U238, 
although fast neutrons will. However, U238 will ex- 
hibit a preference for slow-neutron capture without 
fission. 

When neutrons are absorbed by U238, the trans- 
uranium element plutonium is formed: 


U238 (n, y ) U239 
U239 (23.5m) > N,239 + 8 
N,239 (2.33d) — Pu239 + 8 


The end product (plutonium) is fissionable by fast 
and slow neutrons. When recovered by chemical separ- 
ation it is a valuable prime fissile material. (When 
new useful fissile materials are produced faster than 
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the prime is consumed this is called “breeding.” ) 

On the other hand, U235 is fissioned both by slow 
and fast neutrons, and has a greater fission cross- 
section for the slow neutrons. 

A reaction of pure natural uranium metal will not 
sustain itself because of the capture competition of the 
large percentage of U238 for the neutrons. Therefore. 
a pile of natural uranium must have its slow-neutron 
population enriched to the point where both the U238 
and U235 can get enough. As the U235 cross-section 
for slow-neutron fission is large, a chain reaction can 
then take place with a reasonable slow-neutron 
population. 

This limitation can be met by enriching the mixture 
in U235, but this means costly physical isotope sepa- 
ration. 

However, power reactors that work with natural 
uranium alone can be achieved by increasing the slow- 
neutron population by conversion of the fast neutrons 
to slow. 

This is done by taking advantage of a few light 
atom materials which have high elastic scattering 
cross-section and a small capture cross-section for the 
neutrons. (The atoms must be light because the fast 
neutrons have to lose energy by the recoil of the 
target. If the target atoms are large. like a marble 
striking a billiard ball. the marble rebounds without 


\ elocity loss. ) 


Moderators 

Moderators can thermalize (slow down) neutrons 
without appreciable absorption. Of the few efficient 
moderators available. graphite and heavy water are 
outstanding. With them one can make a reactor of 
natural uranium. 

With the exception of He. which is a gas, all other 
known moderators are less efficient and are used 
with enriched fuels. 

The key to chain fission of an isotope mixture is. 
therefore. in the astonishing fact that the slow neu- 
trons are more effective in producing fission than 
the fast neutrons. 

These four main processes are taking place during 
fission and will determine the multiplication factor and 
the resultant success: 

1. Complete escape of neutrons at the system 
boundaries. 

2. Non-fission capture by U238 in the (n,y) proc- 
ess. 

3. Non-fission or parasitic capture by the moder- 
ator, impurities. fission products, ete. 

4. Offsetting these losses, there is fission capture 
of both fast and slow neutrons by U235 and of fast 


neutrons by U238. 


Pile Calculations 

Fermi’s method of calculation of the multiplication 
factor of the reactor is one of several methods. It is 
straightforward in the following simplified form, 
based on an ordinary uranium (U238 + 0.75% 
U235) pile. 

Assume N fast neutrons are on hand. Before they 
have had a chance to slow down they will have caused 
a few U238 fissions and a smaller number of U235 
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fissions, because of the relatively low amount of U255 
in the uranium. This slight increase in the free neu- 
tron population is stated by using a factor e (having 
a value frequency about 1.03) called the fast-fission 
factor. 

As the Ne neutrons move through the system they 
encounter many elastic collisions with the graphite 
moderator, and inelastic collisions with the uranium. 
as a result of which their energy is rapidly brought 
down. It has been estimated that on the average 200 
collisions with the moderator to one with a uranium 
nucleus occur. Since only 100 carbon collisions are 
necessary to slow the neutron to its thermal. state. 
there is a high probability that every fast neutron 
introduced by fission will become thermalized below 
the 5-ev level at which resonance capture by U238 
occurs. Nevertheless, a few will be captured so that 
a resonance escape probability factor p, less than 
unity, can be used to multiply Ne, giving Nep neu- 
trons surviving. (p is factor determined by the  re- 
actor design and depends on the relative quantities 
of substances. the elastic scattering and capture cross- 
sections, ete.). 

When the energy of the neutrons has been ther- 
malized they diffuse in the moderator until they are 
either absorbed by the moderator or the uranium. The 
thermal utilization factor (f) is the fraction of slow 
neutrons that cause fission in U235. 

Thus Nepf represents the neutrons involved in this 
process. 

Finally. let m be the average number of fast neu 
trons produced for each thermal neutron absorbed 
by the (235. Then Nepfm is the number of fast neu- 
trons produced by N at the start. Since N entered, the 
multiplication factor is 


Nepfm/N — epfm 


It appears that the factor pf is really the only one 
under control. Thus. if there is a high ratio. of 
moderator to uranium. p will be increased. However. 
f will be decreased because of a lower uranium pro- 
portion in the pile. The problem then is one of maxi- 
mizing pf if the chain reaction is to be maintained. 

One way of raising pf is to use enriched uranium; 
this will raise both p and f. 

The geometry of the pile also can affect pf. Al- 
though the simplest arrangement would be an_ inti- 
mate mixture of the uranium and the moderator. there 
is an advantage to be gained (according to Fermi and 
Szilard) by building a lattice of large lumps of urani- 
um or uranium oxide embedded in a mass of graphite. 
The resonance peak for the capture of neutrons by 
U238 is sharp. so that although the absorption cross- 
section is several thousand barns at resonance, it falls 
off rapidly when the neutron energy deviates from 
this value. Consequently. entering a uranium lump. 
neutrons close to the resonance value will be captured 
on the outside and the inside metal will be shielded. 
The decrease in the thermal utilization factor will be 
small so that pf will be increased. 

One point was neglected in the previous discussion. 
The neutrons lost by boundary eseane depend on the 
ratio of surface area to volume. Therefore. the svs- 
tem shonld he large. preferably in the form of a 
sphere. Although this is impractical in many cases, it 





is practical to surround the system with a reflector. 
A neutron reflector does not act like a mirror; it is 
made by using a substance of good moderator proper- 
ties because the reflection process is efficient in slow- 
ing down fast neutrons which would otherwise escape. 


Reactor Power 


By arguments similar to the multiplication factor, 
the “power” of a nuclear reactor can be stated as 


P nvNAV/3.1 10" watts 


where n is the average neutron density, number pet 


™% 


cc; Vv is the average speed, so that nv is the average 
neutron flux; N is the number of fissionable (235) 
nuclei per cc; A is the fission cross-section; \ is the 
reactor volume. 

By introducing Avogadro’s number into the fore- 
going, the “power” of a uranium reactor can be de- 
fined: 

P 2.9 < 10-8 wnv watts 


where w is now the weight of (235 in pounds. 

Thus, the heat produced in a given reactor of vol- 
ume js proportional to the neutron flux or “mass 
flow” of neutrons, to the density of the (235, and 
the effective cross-section for the fission process. Note 
that this expression does not yield a reactor design 
basis, It simply states a power criterion. 


Reactor Control 

Calibrated ionization chambers containing boron 
trifluoride can indicate the neutron flux and thus the 
power directly. This reading is a prompt signal and 
can be used in a control cascade. 

Delayed neutrons have been discussed. Although 
fission is almost instantaneous, mechanical control of 
the reactor multiplication factor is possible because 
of the delayed neutrons. 

Assume that about 0.75‘. of the neutrons are de- 
layed and that B is the fraction of-neutrons which are 
delayed. Then (1—-B) are prompt neutrons. 

If the multiplication factor is K, then it can be re- 
garded as consisting of two parts-—that is, K = kB 
ko (1—B). 

If the reactor control is adjusted so that k, (1—B) 
is just equal to or less than unity, the chain reaction 
can be made to depend entirely on the delayed neu- 
trons: Thus the transfer function of the operating 
reactor is a delayed-neutron function. 

In some reactors the multiplication-factor control. 
owing to an excess of potential reactivity, can lose 
the delayed-neutron control edge which is depended 
on for control. When this happens the reactor is said 
to be “prompt critical” and is in trouble. In keeping 
with the peculiar language in this field “one dollar™ 
of reactivity is defined as the reactivity excess re- 
quired to make a reactor go “prompt critical.” 


Reactor Types, Present and Projected 


All the projected reactors throughout the world as 
of 1955 have been classified* in two groups (Table 3). 


*Nuclear Reactor Data, Published by Raytheon Mfg. Co., 
Waltham, Mass., 1955. 





TABLE 3—TEN BASIC REACTOR TYPES 
GROUP TWO: 


|. Pressurized water 5. Heavy water 

. Boiling water 6. Graphite 

. Swimming pool 7. Sodium graphite 

4. Homogeneous 8. Liquid metal cooled 
9. Liquid fuel 
i0. Fast breeder 


GROUP ONE: 








Types 1, 2 and 4 are used for power. All in group 
one use ordinary water as a moderator and must 
therefore use enriched uranium. They are all slow- 
neutron o: thermal reactors. 

The heayy-water reactors (5) use natural uranium 

vith a few exceptions), and are thermal 
iwtors, mostly used for research and plutoni- 


as a fuel 
neutron te 
um production, 

The graphite reactors (6) are also used for research 
and Pu production, although the Canadians, Nor- 
wegians. British, Russians and French have electric 
power reactors of this type under way. They use 
natural uranium, enriched in a few cases. 

The sodium graphite reactors (7) use sodium metal 
as a coolant. The two listed are power reactors. 

The liquid metal cooled (8) are research reactors 
using intermediate speed neutrons. 

The one liquid fuel reactor (9) is a power reactor 
using graphite and an amalgam of uranium and 
bismuth which fissions and is pumped through a 
cooler, 

\ most interesting type is the fast breeder reactor 
(10) which uses no moderator. The fuels range from 
enriched uranium to pure plutonium. Those listed are 
power reactors. The core of U235 or plutonium will 
he surrounded by an ordinary uranium blanket in 
which plutonium will be bred. By using thorium 232 
in the blanket, U233 also will be produced. 

Three loose generalizations relating to power re- 
actor types are possible: 

First. the simplest types are the least efficient. In- 
crease in efficiency seems to be bought by complexity. 

Second, the least efficient types often have an edge 
on the more efficient types in the matter of fuel 
throughput. Thus, a fuel throughput factor (corres- 
ponding to the number of times the fuel has to be 
reprocessed before one charge is completely con- 
sumed) is obviously a vital economic factor, and may 
he better in a simple reactor than in a complex one. 

Third. countries which have no isotope separation 
prospects are taking the “plute route.”—in other 
words. the use of natural uranium and plutonium 
production. American practice. however, makes use 
of enriched fuels and relatively complicated cycles. 
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ANY BASIC UNITS of matter and energy are 


known neutrino, graviton, 
etc.) but the most common types of radiation are 


alpha and beta particles and gamma rays (Yable 1). 


(proton, meson, 


The alpha particle is simply the nucleus of a com- 
pletely ionized helium atom; the beta particle is an 
electron of either polarity (a positive electron is a 
positron) ; the gamma ray is simply a photon of elec- 
tromagnetic differing from radio waves, 
light, and x-rays only in its shorter wavelength (and 
hence higher energy). 

These radiations are emitted from excited nuclei 
according to certain selection rules which determine 
the emission probability (and hence the half-life) as 
well as the type of transition (or disintegration) that 
the atom undergoes. Radiation occurs when the elec- 
tric or electromagnetic forces inside the nuclei are out 
of balance. Sometimes the result is the emission of 
an alpha or beta particle which changes the mass 
‘energy) and the charge of the nucleus and thus 
vields a new element; sometimes the result is the 


energy, 


simple emission of a gamma-ray photon. 

In recent years it has become necessary to deal with 
neutrons. These are basic nuclear particles similar in 
size to the hydrogen nucleus but with no charge. Neu- 
trons are commonly found only as products of inter- 
actions between basic radiations and nuclei. Because 
of their electrical neutrality, neutrons interact primar- 
ily with atomic nuclei. 


DETECTORS 


Table 2 summarizes the properties of the most com- 
mon radiation detectors. The ionization chamber, the 
proportional counter and the Geiger counter are 
simply gas-filled chambers with two electrodes (Fig. 
1). The only difference between types of operation 
is in the voltage applied between the electrodes. 

The passage of radiation through the gas in any 
gas-chamber type of detector can produce an “event” 
—either the ionization or excitation of some of the 
gas molecules in the chamber. 

Radiations represent minute quantities of mass and 
energy, and no direct method of detection and an- 





Radiation Instrumentation 


A résumé of the operation of basic radiation detectors 
and instruments, the improved circuitry incorporated 
in the newer equipments, and trends in the field. 


alvsiz can be used in their measurement. Secondary 
effeets. such as ionization and excitation. must be 
used. These secondary effects must be amplified by a 
factor of one million or more before they are of meas- 
urable magnitude. Although detectors have different 
inherent multiplication factors (internal) gain). to 
achieve an over-all gain of the order of one million, 
most detectors must have supplementary external elec- 
tronic amplification. 

Fig. 2 shows the differences in operation of ioniza- 
tion chambers. proportional counters. and Geiger 
counters. In Fig. 2. charge per pulse is plotted versus 
voltage applied between anode and cathode. As the 
voltage between these two elements is increased. the 
electrons and positive ions created by the passage of 
a charged particle through the gas separate and mi- 
grate to the anode and cathode respectively. 

The charge per pulse in the ion-chamber region in- 
creases until the effect of “saturation” oceurs—that 
is. until all ions from each event are collected. From 
then on. there is a flat region. 

Fig. 2 shows two curves. the lower from a beta 
particle and the upper from an alpha particle. The 
charge per pulse is greater for the alpha particle in 
the ion-chamber region because of the greater specific 
ionization of the alpha particle. As long as the gain 
within the counter gas is unity. the detector is in the 
ion-chamber region. However. as soon as gas multi- 
plication occurs. the instrument is said to be in the 
proportional region. Where the alpha and beta curves 
coincide. the Geiger region begins. In this region the 
type of ionizing radiation no longer influences the 
charge collected per pulse. lon chambers. proportion- 
al counter tubes. and Geiger-Mueller tubes are avail- 
able in many sizes and shapes. 


lonization Chambers 


In an ionization chamber (Fig. L) the ion current 
is a measure of the character and intensity of the 
radiation. The gas amplification within the chamber 
hence the signal from the ion chamber re- 
quires considerable amplification before it can be re- 
corded. The anode is generally from 1/10 to 1/100 
the diameter of the cathode and is coaxial with it. A 


is unity: 


typical voltage across the electrodes is 100. volts. 


lon chambers are used widely as instruments in 
health work because they provide a direct measure ot 
the ionization formed by the radiation. This aspect of 
ion chambers is important because the damage to 
hody tissue by radiation is. to a first approximation. 
proportional to the number of ions formed in’ the 
tissue cell, 

\ widely used type of ion chamber is of the person- 
nel monitoring type. This instrument. the size of a 
fountain pen. is called a pocket meter. It is essentially 
a evlindrical capacitor of high leakage resistance 
charged with a potential between 20 and 200 volts. 
Exposure to radiation reduces this charge. and the 
amount of reduction is correlated to the radiation 


(measured in roentgens). 


Proportional Counter 


In this instrument the voltage between the electrodes 
is adjusted so that the output pulse is proportional to 
the number of ions produced in the gas by the pri- 
mary ionizing particle. As the gas amplification within 
the counter tube is about 10°. the electronic amplifi- 
cation necessary for recording the signal is less than 
for the ion chamber. 

The anode is on the order of 1/1000” and the 
cathode is usually coaxial with it. A potential of. let us 
say. 3000 volts is placed across the electrode system. 
establishing an electric field. 

When an ionizing particle passes through the gas. 
the electrons liberated set up a chain of multiple ion- 
izations (the Townsend avalanche). The result is an 
output signal that may be one thousand times that ob- 
tained from a conventional ion chamber. Since the 
signal is proportional to the number of ions formed 
by the radiation. discrimination between various 
types of radiation can be achieved by proper circuit- 
ry. Moreover. the speed of operation of a proportional 
counter is limited primarily by its electronic circuit. 
Owing to these advantages the proportional counter 
is used widely in quantitative laboratory studies. 


Geiger Counter 
In a Geiger-Mueller counter. or Geiger counter, the 
ionizing event produces ions in the gas which in turn 
create between the electrodes a uniform voltage pulse 
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FIG. 3. RANGES of neutron detectors. 


independent of the number of ions formed by the ini- 
tial event. The signal usually is one thousand times 
greater than that from a proportional counter. being 
on the order of a few volts. Consequently. a rather 
simple recording circuit is required. As a result. this 
type of counter is in frequent use. It has. however. 
certain disadvantages—(1) it) cannot readily dis- 
criminate between different types of radiation, (2) 
it cannot give a linear response Versus energy. (3) its 
operation is some one hundred times slower than that 
of a proportional counter, Owing to its initial cost 
and other advantages. however. the Geiger counter 
is today the most widely used sensing unit. 

Geiger counters. like all gas-chamber-type detec- 
tors. are relatively insensitive to gamma rays and 
have about one percent gamma ray efficiency versus 
almost 100°7 efficiency for energetic beta radiation. 


Scintillation Counter 
Table 2 lists a scintillation counter. This is simply a 
ervstal that fluoresces. or flashes. when struck by an 
incident particle or photon. The flashes are amplified 
by a photomultiplier tube: the signal is further ampli- 
fied and then counted. Like the proportional counter 


the scintillation counter has a linear response. 


Neutron Detectors 


In reactor control the neutron flux must be measured 
and controlled. As shown in Table 1. the detectors for 
neutron flux include the BF, proportional counter, the 
fission ion chamber, the compensated ion chamber, 
and the uncompensated ion chamber, All of these are 
gas-filled ion chambers. but are made sensitive to 
neutrons by use of fillings or coatings that interact 
with the neutrons toe produce fission fragments or 
alpha particles that in turn produce the output pulses. 

The BF, proportional counter is used to cover the 
neutron thermal flux range from about 1.0 to 10° neu- 
trons ‘em? sec (Fig. 3). A typical chamber is about 
12” long and 1” in diameter and filled with 96%. 
B'-enriched BF. gas at a pressure of about 55-cm 
Hg. It has a sensitivity of 4.5 counts neutron em? 
sec at 2000 volts de across the chamber. and a gas 
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amplification factor of 500 at this voltage. Since neu- 
trons are uncharged. ionization is caused by second 
ary effects that is. a neutron and a B'" molecule 
interact to produce a fithium nucleus and an alpha 
particle with kinetic energy. 

This exothermic nuclear reaction produces about 
2.5 Mev. The rapidly traveling alpha particles (helium 
nuclei} and dithium nuclei cause formation of ion 
pairs in the chamber, A 2000-\ electric field separates 
the electrons and the residual ions: a voltage pulse ot 
a few millivolts with a l-microsecond rise time ap- 
pears between the electrodes. The large amounts of 
gamma radiation present also cause pulses from inci- 
dent photons due to the Compton effect. However, the 
resulting pulse heights due to gamma are generally 
small enough (in the microvolt region) that they can 
he biased out by discriminator cireuits in the linear 
amplifier. 

The fisston chamber is typically 2” in diameter and 
12” long and has an electrode coated with uranium 
oxide enriched with the U*** isotope. One atmosphere 
of nitrogen-argon gas is used for filling gas. which 
is ionized by fission fragments. producing pulses. 
\s shown in Fig. 3. it can be used to span the start- 
up range of neutron flux. and is generally used in 
the range from 10° to 10° neutrons em see because 
of its lower sensitivity of O.7 count neutron em?. 
One advantage of this type of counter is its ability to 
operate in’ gamma fluxes of LO! photons/em* sec 
without loss in’ sensitivity. 

Compensated ionization” chambers are generally 
used to span about six decades of the intermediate 
and power range from approximately 5 x 10° to 
2 x 10! neutrons em*/sec with a sensitivity of 
2x 10 '* ampere neutron cm? sec. In this type of 
chamber. compensation for incident gamma _ radiation 
is performed in the chamber itself. Approximatels 
24” long and 3” tin diameter the chamber is com- 
posed essentially of two ion chambers combined into 
one arranged as three nested cups separated by 
spacers, 

The outside or distal cup is connected to an 800-v 
positive d-e source and the inside or proximal cup 
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FIG. 5. COUNTING RATE IS A FUNCTION of the 
energy of the incident radiation in an ionization cham 
per or proportional counter. Dotted curve shows total! 
integral} counting rate {all counts above a fixed pulse 
height): differential counting rate is the count only of 


pulses between two given energy levels. 


connected to a source of negative voltage of appront- 
mately LO0-y de. 
the center cup. The inside surface of the distal cup 
and the outside of the center cup are coated) with 


The sienal lead is connected to 


B'-enriched Boron. This volume is sensitive to neu- 
trons and gamma. The other surfaces are uncoated 
and thus. sensitive to gamma only. All volumes are 
filled with | atmosphere of nitrogen. Owing to the 
opposite polarities of the voltages on the cups. the 
current signal produced by incident gamma radiation 
can be largely cancelled out. and only the current due 
to the neutron flux measured, 

Uncompensated tonization chambers are boron 
lined and similar to the compensated ionization cham- 
her without gamma compensation provisions (because 
only two cups are used). Gamma compensation is not 
felt to be necessary at high power levels because here 
the ratio of gamma neutron flux is small. usually well 
under 10. They are used as primary elements on the 
level safety channels and cover the upper decades be- 


tween 5x 10° to 2. 10' neutrons/em?/see and up. 


Plateau Operation 


Simple counting applications are concerned mainly 
with the routine assay of samples where the radiation 
information presented to the detector is always of 
the same kind and differs only in degree. or counting 
rate intensity. Here the desired system characteristic 
is a plateau. a region where the counting rate does 
not vary appreciably with changes in other parame- 
ters. such as the applied voltage (and hence detector 


multiplication). Such a characteristic is typified by 
the Geiger-counter plateau (Fig. 4). The change of 
counting rate with increasing voltage is very small. 


The multiplication within a Geiger tube is so high 
that the entire tube is paralyzed during a pulse, Thus 
pulses are generated of the same amplitude regardless 
of the amount of enerey initially dissipated in’ the 
tube. Although the gas multiplication of the tube 
actually increases with the high voltage and results in 
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FIG. 6. COUNTING RATE CAN BE MADE insensitive 
to gain, or one or more discrimination thresholds intro- 
duced to select and channel events of different energy 


voltage} levels. 


increasing pulse height. once the constant ampli- 
tude pulses exceed the discrimination level, all will be 
counted and essentially no more added as the high 
voltage is increased. This limiting is due to the 
intrinsic behavior of the Geiger tube. and is the reason 
it is not capable of differentiating between the energies 
of radiation which trigger it. The Geiger electronic 
system requires only an elementary counting circuit 
hecause the detector provides pulses of sufficient 
amplitude : it also can have slow response because 
Geiger-tube pulses are seldom narrower than LOO 
microseconds. 

Fie. 5 shows that the counting rate of an ioniza- 
tion chamber or proportional counter (and also a 
scintillation counter) does depend on pulse height. 
or energy of incident radiation. 

It is not generally appreciated that plateaus can be 
obtained from ionization counters. proportional coun- 
ters. and scintillation counters. as well as from Geiger 
tubes. This can be achieved merely by positioning the 
spectrum so that virtually all of the pulses lie above 
the discrimination level. Thus. any increase in elec- 
tronic system gain cannot change the counting rate 
much because essentially all of the pulses are being 
counted (Fig. 6). Plateau production sounds simple. 
but the detector generates a wide dynamic range of 
pulse heights. If the discrimination is placed at a 
few volts. many arriving pulses exceed this value by 
a factor of ten or more. Increasing system gain. 
either by increasing the electronic amplification or 
the detector multiplication, can increase this factor 
to LOOO or more. 

This overloading places a heavy burden on the 
electronic system. If the system can recover from 
these impacts quickly without introducing spurious 
counts. this operation yields an elegant electronic 
plateau. A typical plateau is shown in the top curve 
of Fig. 6. Note the bumps on the lower curve as one 
peak after another is added to the counting rate by 


increasing the gain. 
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THE ELECTRONIC SYSTEM 


The detector must be selected for the radiation type 
and range desired. and the amplifier then specified to 
vet sufficient amplification so that the number of 
incident’ particles tor radiation) can be counted. 


Pulse-Height Discrimination 
Before counting the detected and amplified events. 
a stage must be interposed (Fig. 7) that selects only 
those signals caused by the type of radiation that is to 
he counted. This discriminating is done either by a 
discriminator or an analyzer. The pulse-height selector 
(discriminator). is a simple integral type that gives a 


constant output pulse whenever the input) pulses ex- 


ceeds some preset voltage level. The pulse-height 
analyzer (differential discriminator) comprises one ot 
many channels that deliver an output pulse whenever 
the input pulse falls between two prescribed voltage 
levels. This latter type is useful for analysis of energy 
or amplitude distributions as in’ identification ot 
separation of different radioactivity sources. 

The output of pulse-height) selectors or analyzers 
are invariably constant in amplitude. the presence of 
an output indicating that a pulse has been received 
which satisfies certain pulse-height requirements, The 
output pulses are then fed into some kind of totalizer, 
scaler. or ratemeter for counting and recording. Some 
=\stems merely count while others are designed for 


energy analysis. 


System Requirements for Radiation Analysis 


Radiation analysis requires scrupulous preservation 
of spectral information and long-term system stability. 
Typical applications use linear detectors for isotope 
identification and = purity analysis. multiple tracer 
studies. and medical or physical experimentation such 
as scattering effects. The linear detectors commonly 
used today are the gas-flow proportional counter and 
the scintillator-photomultiplier assembly. 

The response speed of these fast linear detectors 
is of the order of microseconds. or even faster. and 
the amplifiers must have a fast rise time to respond to 
an incoming voltage pulse. The amplitude of the 
relatively flat top of the pulse is the information de- 
sired, so the amplifier must be able to faithfully re- 
produce low frequencies as well. Thus in atomic work 
the electronics must be wideband. or “video.” 

The last and most important requirement is that the 
instrument be stable in its characteristics and reliable 
over long periods of time. 

Thus. in review. the amplifier must be wideband 
and linear. fast and non-overloading. and stable and 
reliable. These properties cannot all) be optimized 
simultaneously. For example. speed implies the switch- 
ing of rather large currents in short times (requiring 
“high-gm™ or “hot” vacuum tubes}. which is obtained 
only at the expense of long-term reliability. 

The analyzer or discriminator has the same general 
requirements because it must respond to each input 
pulse. An additional requirement of the analyzer 
is that it be able to make separate. accurate decisions 
about pulses which occur close together in time. This 
property is called the resolving time. 


Page 628—Instruments & Automation—-Vol. 31 


Register 

The register receives the signal from the discrimi- 
nator. Tt can consist of a totalizer, such as an elec- 
tronic scaler or mechanical counter. or it can be a 
ratemeter. which indicates the average rate of pulses. 
The general characteristics of the register are con- 
siderably less stringent than those of the other instru- 
ments in the system because it) only has to count 


pulses of constant amplitude. 


Amplifier Circuitry 

Phe amplifier usually is separated inte a preamplt- 
fier at the detector and a high-gain amplifier at’ the 
data-handling site. The preamplifier must) be com: 
patible with subsequent circuitry and reduce the im- 
pedance level from the high value at the detector 
fabout 10° ohms) to a low value tabout T00> ohms) 
to drive the lone cable without signal loss and dis- 
tortion. 

Historically the simple cathode follower has done 
this preamplification. but has seen a significant modi- 
fication recently, (Fig. 8). The cathode resistor has 
heen replaced by a second vacuum tube used as a con 
stant-current generator. The addition of the feedback 
path has made an important improvement in linearity. 
This improved circuit: outperforms the older circuits 
and is essential for analytic measurements. 

The amplifier also has undergone extensive 
changes. the most significant being a result) of the 
non-overloading requirement. The amplifier must 
limit the size of superpulses. and recover quickly in 
order not to distort subsequent pulses. 

The most significant change followed a realization 
that high counting rates of very large pulses tend to 
shift average dec levels and. hence. the operating 
points of each stage. This brought a radical departure 
from earlier, unsuccessful attempts to keep the pulse 
from crossing the baseline. The new concept involves 
double-differentiation whieh inverts the pulse in 
polarity to turn the amplifier off for a certain short 
length of time. This restricts the time duration of the 
pulse and insures rapid) recovery. Also. carrying 
through the amplifier a biphasic pulse which has 
essentially the same area above as below the baseline 
(Fig. OF prevents a d-e shift in operating points. 

Other tricks are used. One is the application of 
limiters (usually diodes) to “elamp™ or restrict: the 


amplitude of pulses: another is the use of paired 


staves where a large incident pulse can. at most. turn 
off one stage to switch a restricted amount of current 
into the next stage (Fig. 100. This cireuit has the 
added advantage that it always can be made to vield 
a negative pulse to following stages. This prevents 
erid current from flowing. which would charge cou- 
pling capacitors and cause subsequent undershoots 
and overshoots. 

Pump circuits with current: reservoirs help achieve 
high linearity at high pulse amplitudes by keeping 
one or more circuits in a high-current stand-by con- 
dition able to supply current on demand to boost the 
signal output. 

An all-out effort for stability and reliability has 
employed all the tricks of conventional signal feed- 





back (Fig. 11). A new feature is low-frequency ot 
d-c feedback for stabilizing the gm and d-c operating 


points of critical stages. These techniques and large 


derating factors in power-dissipating Components pro- 


vide significant improvements in reliability. 


Pulse-Height-Analyzer Circuitry 


ach major government laboratory has designed its 
own special multi-channel pulse-height analyzer. and 
most are available Commercially, The general prinet- 
ple employed Cin most of those with one-hundred- 
channels or more) is amplitude-to-time conversion. 
This involves stretching the input) pulse and simul: 
taneously triggering a voltage-ramp generator and 
a clock-pulse generator feeding a scaler (Fig. 12). 
When the ramp voltage equals the input pulse level. 
the clock is turned off and the number of pulses in 
the sealer identifies the particular memory storage 
channel. to whieh is added one count or digit. 

Fig. 13) shows a new discriminator circuit) which 
successively and rapidly subtracts precise voltage 
steps from the stretched input pulses. These steps are 
counted as deseribed previously. 

The application of nonlinear feedback to diserimi- 
nator trigger circuits is a significant new development, 


(Fig. 14). 


Scaler Developments 

The developments ino sealers have depended pri- 
marily on the state-of-the-art) of components. Early 
models used the binary seale-of-two flip-flop. Next 
came the feedback binary decade. These instruments 
depended on hard-tube components and suffered from 
their inherent lack of reliability. 

The single-element decade tubes developed recently, 
such as the high-vacuum beam-switching tube. have 
sood reliability. and high speed. Another. the cold- 
cathode glow-transfer “Dekatron” tube. has lone life 


and provides direct visual readout. 


The Future 

We can predict that the future will show: 

(1) increased use of data handling devices. such 
as automatic read-out and print-out. 

(2) considerable automatic programming of com- 
plex systems. and of complete laboratories. 

(3) a strong emphasis on low-background systems: 
the increasing use of radioisotopes in’ medicine and 
industry will demand measurements an order of 
magnitude or two lower than the levels in’ common 
use today. 

(4) totally electronic systems that depart from 
mechanical registers. timers. and printers and use 
solid-state devices. moving into the millimicrosecond 
area for much analytic work. 


(5) increasing use of nonlinear feedback. 
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FIG. 10. DIODE LIMITING lleft) and long-tail pair 


(right) are used to help amplifiers recover quickly. 
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Control of a nuclear reactor includes over- 
lapping control channels for startup, inter- 
mediate power, and full power operation. 
Here is a survey of reactor kinetics, detector 
ranges, and instrumentation of low-power test 
and) medium-power  boiling-water reactors. 


R. N. BREY, JR. 
Leeds & Northrup Co, 


REACTOR CONTROL 


ONTROL of neutron flux level (expressed a- 
neutrons cm” sec) and control of the rate of 
change of this flux with respect to time ‘defined as 
“period” ) are two key factors in control and safety 


systems for heterogeneous reactors. 


Reactor Kinetic Equations 

The power of a nuclear reactor is practically pro- 
portional to the neutron flux. The chain reaction con- 
dition is that each uranium nucleus capturing a neu- 
tron and undergoing fission must ultimately vield a 
minimum of one neutron which also causes fission. 
The effective multiplication factor (Kyp,) for a reactor 
is defined as the ratio of the number of neutrons it 
any one generation to the number of neutrons in. the 
immediately preceding generation. 


leakage) 11) 


Kort production (absorption 
Control of the reactor system requires control of the 
effective multiplication factor (Kurt). TE Kage is less 
than one. the reactor is subcritical and the reactor 
power level will decrease. If Ku;y is greater than one. 
the reactor becomes supercritical and the power in- 


creases continually, 


Reactivity 
Reactivity for a specifie reactor can be defined as: 


fg (Kar; L) Kare bk (2) 


Mean Effective Neutron Lifetime 

The average time between successive neutron gen- 
erations in a reactor is defined as the mean effective 
neutron lifetime (1."). If there are n neutrons per ce 
initially in the core of a reactor, then the increase in 
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each generation is approximately n dK. Hence L*. the 


effective time between succeeding venerations. be 


comes: 


dn dt nd LL” 


\fter integration: 


n nye 


where n, is the number of neutrons em® initially, and 
nis the number after some time. As can be seen, the 
number of neutrons (neutron flux) can raise exponen- 
tially with time 7f the effective multiplication factor 1s 


ereater than unity. 


Period 
Period is defined as: 


'y ie ék seconds 


Substituting equation (5) in equation (4) gives min 
terms of period: 


n noe" (6) 


Thus period is the “e folding time.” or the time in 
seconds necessary for the reactor flux density or pow- 
er to increase or decrease 2.718 times. Ao “period” 
will develop whenever Kur is) greater or Jess than 
unity. 

It has been assumed in the above equation that all 
the neutrons created were given off instantly with a 
lifetime of L*. Fortunately, about 0.76% of the neu- 
trons emitted are delayed (with a mean delay time in 
the order of O.1 see for U2°1. As the mean lifetime 
of the prompt emission is about 10+ see for a water- 
or graphite-emoderated thermal reactor, the delayed 
neutron emission from the fission products makes the 
reactor controllable. [f Kygy is allowed to exceed 1.0076, 


the reactor becomes critical on prompt neutrons alone, 


and the power level rises very rapidly because the 
period is now determined by the prompt lifetime rather 
than the delayed lifetime. This condition is called 
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“prompt critical” and the amount of positive reactivity 
necessary to make a reactor prompt critical is termed 
one dollar. 

Because of the delaved effect. he 
shown that an asymptotic approximation to the ampli- 
tude of the appropriate transfer function describes the 
reactor as an integrator with decreased gain at lower 
frequencies’, Using transfer functions to describe a 
reactor as a control loop element has been used many 


neutron it can 


times in control design since Harrer. et al.2 outlined 
the results of a frequency response study on the CP2 
reactor (sinusoidal disturbances in dK were produced 
by oscillating the control rod with small amplitude 
and varving the frequency of this oscillation: neutron 
flux density was plotted versus the frequency of the 


6K disturbance}. 


Primary Elements 


All reactor control and safety systems are based on 
measurements of the neutron flux density near the 
core. These measurements are made by various types 
of ionization chambers. and must be made as rapidly 
and with as much precision as possible. As absolute 
reliability is not) possible. measurements are dupli- 
cated. Unfortunately. no one type of ion chamber has 
a sensitivity-vs-saturation characteristic that can span 
the whole neutron flux spectrum from source strength 
(generally about 0.5 neutron em? sec at the chamber ) 
to high power (around 10'° neutrons cm* sec). 

Generally a BF, proportional counter is used to de- 
tect neutrons in the thermal flux range from about 
10°} to 10° neutrons em? sec (Fig. 1), 

A high-sensitivity fission counter also can be used 
to span the startup range of neutron flux and is gen- 
erally used in the range from 10 to 10° neutrons 
cem= see per second because of its lower sensitivity of 
0.7 count neutron cm* for a background counting 
rate of 5 cps. One advantage of this type of counter is 


“11 
{trouble — 
| monitor | 


its ability to operate in gamma fluxes of 10!" pho- 
tons em? sec without appreciable loss in’ sensitivity. 

Compensated ionization chambers are generally used 
to span about six decades of the intermediate and 
power range from approximately 10* to above 10!° 
neutrons cm* sec ofel x lie 
amperes neutron cm* sec, In this type of continuous 


with a sensitivity 


output’ chamber, compensation for incident gamma 
radiation is performed in the chamber itself, 

€ ncompensated ionization chambers are used as pri- 
mary elements on the level safety channels, and cover 
the upper decades between LO° to above 10! neu- 
trons cm= sec and up. These chambers are boron 
lined and similar to the compensated ionization cham- 
her without gamma compensation provisions (as only 
two cups are used), Gamma compensation is not felt 
to be necessary at high power levels because here the 
ratio of gamma neutron flux is small. usually well 


under 10°. 


RESEARCH REACTOR SYSTEMS 
Fig. 2 shows an early type of system designed for 


a low-power LOO-kw swimming-pool research reactor. 


Log Count Rate Channel 
For the startup channel. pulses from either a BF; or 
fission counter are preamplified in an amplifier lo- 
cated generally not more than 40’ from the chamber. 
This 3-stage preamplifier has a gain of 30 and a 
cathode follower stage which matches the input impe- 


dance of the linear amplifier. 


Linear Amplifier 

The next device in the channel is the linear ampli- 
fier. It is on the control panel and is designed to accept 
voltage pulses of short duration from the linear pre- 
amplifier and deliver them at proper impedance to 
the counting instruments, The voltage pulses at the 
input to the amplifier have a fast rise time, but decay 
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FIG. 3. CONTROL PANEL 
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reactor. Recorders tor con 

trol purposes include 
nt rate recorder {7} 

riod recorder [(8} 

corder {13}, and linear 


10g IN 


order (14). Similar 
consoles nave been 
plied for the Danish, the Sa 
Paulo and Hamburg resear 
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with the time constant of the preamplifier. A) differ hig. Scalers indicate the total number of pulses re 


entiator in the circuit assures that the amplified pulse ceived and are useful in cold) reactor startups and 
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follows the wave shape of the incoming pulse, \ feed- 
back loop is used to adjust the rise-time of the ampli 
fier and to make the transient time-response satisfac 


tory in the wide-bandwidth position. \ regulated 


power-supply supplies the preamplifier and the main 


amplifier: it also provides anode voltage for operation 
of a fission chamber. (When using a BF. counter. a 
separate high-voltage power supply is necessary to 
furnish the polarizing voltage of several thousand 
volts}, As the linear amplifier also contains a dis 
criminator circuit that rejects pulses of low amplitucle 
formed as the result of incident gamma flux at the 
pulse chamber. only the pulses due to neutrons are 
amplified and counted in the succeeding stages. 

\ log count rete meter is used to measure te 
iverage rate of the series of pusses from the tine 1 
unplifier. 

The count rate is displayed on a log count. rate 
10.000 eps tfou 


recorder calibrated) from | to 


decades}. A low-level differentiating network can) be 
added to the LORM to give period indications. This 
period indication is of great vaue because startup 
is the reactors most critical mode. However. due to 
the statistical variations mentioned previously. this 
period indicat on is not too reviabie when count’n 
rates are under LOOO cps. A better indication of period 
can be obtained from the average slope of the curve 
on the log count rate recorder, or measuring the time 
in seconds for the linear recorder pen to move from 
2.7 to 7.4 on the scale. or on the low range of the 
micro-microammeter (Fie. 3). 

Another output from the linear amplifier can be 
sent to. the scaler. or electronic counter. as shown in 
Vol. 31 
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critical experiments. There are two types of sealers 
binary and decade. The decade sealer is easy to read 
but this advantage is offset by the greater inherent 
reliability and high speed of the binary type. For re- 
actor operation. where reliability is of prime impor- 
tance. the binary sealer is recommended. 

The sealers have various scale factors and the most 
convenient factor is the one in which the speed of 
resolution of the sealer is not greatly limited by the 
speed of operation of the register, \ scale of 4096 
with |-microsecond resolution is probably an optimum 
choice, 

It is the usual practice. for safety. to have two 
startup channels. one of which is a linear count: rate 
meter (covering two decades, linearized). the other a 
log count rate meter (four decades). This affords a 
check of one instrument against the other. The ex- 
panded scale of the linear count rate meter affords a 
more precise reading of the count rate than that ob- 


tained with a suppressed scale. 


Log-N Channel 

The log-\. or intermediate, channel receives a cur- 
rent input from the CIC via a log-N) Amplifier. The 
input stage of this amplifier is a 9004 diode, Voltage 
appearing ecross this diode is proportional to the 
logarithm of the current: thus voltage is proportional 
to the log of the neutron flux. This signal is amplified 
by a stable direct-coupled feedback amplifier and pro- 
vides a 10-my output to the log-N recorder (a Speedo- 
\ differentiating network differentiates log-N 
0.9 to 0 to +9.1 


my signal to the Period Recorder (another Speedo- 


max} 
with respect to time and provides a 
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maxi. The recorder has a chart and scale calibrated 


» 


from 30 to infinity to 3 sees, 

\ separate signal of log \ is sent to a fast-response 
period amplifier Chead-end section of the safety ampli- 
fier) for a preset period scram initiation, The period 
safety channel is in the dotted block at left in Fig. 2. 
Signals from the period amplifier are sent to the input 
of the sigma amplifier section to be coupled with the 
sigma bus that controls the current to the magnet 
amplifier. These magnet amplifiers have an output of 
approximately 50 ma to energize rod-holding magnets 
or latches: they are designed to break the inductive 
magnet current with a high speed of response without 


danger of arcing, 


Level Safety Channels 


The neutron-flux level safety channels are fed from 


uncompensated jonization chambers whose current 
outputs are accepted by the level safety preamp sec- 
tions of the safety amplifiers. As can be seen in Fig. 
2. the remaining sections of the safety channels are 
similar to the period safety channel. For a small re- 
search reactor. duplication of Jevel safety channels is 
desirable from a safety standpoint. Both the period 
and level safety amplifiers are joined together with a 
sigma bus system in an “auctioneering” fashion so 
that a signal calling for a fast scram from any one 
channel will actuate all magnet amplifiers, dropping 
all rods. Naturally. the system is designed fail-safe so 


that component failure will cause a scram. 


Linear Servo Channel 
The Linear Servo Channel for a small research re- 
actor generally employs a discontinuous-type servo 
system. as described by Davis, Underkoffler and 


FIG. 4. FLOW DIA- 
GRAM of single-cycle 


imenta iling-water 


ex 


per 


Brey 
fed by a CIC through a 9836 chopper-stabilized d-c 


This PAT (position-adjusiing type) serve is 


micro-microammeter and a linear recorder, The pur- 
hold the flux 


level constant at any designated power level in the in- 


pose of this channel is to automatically 
termediate and hi-power range. and to allow changes 
in flux level to proceed smoothly and without over- 
shoot. The effect of a given control-rod movement is 
that 
power levels a given dk will produce a slow change in 


proportional to reactor flux level is. at lower 
reactor output or low gain as mentioned previously, 
whereas at higher power levels the same 6K introduc- 
tion will produce a correspondingly faster change in 
power output (higher gain). 

This immediately suggests the desirability of auto- 
matically changing the gain of the servo loop as a 
function of power level to obtain control response. 
Fortunately, this is already accomplished by the neces- 
sary step adjustments of the range in the 9836 micro- 
microammeter as the ion-chamber output increases. 
However, if a continuous preamplifier is used, such as 
the level safety preamplifier, a logarithmic pot feed- 
back into the system (or a voltage divider in the re- 
corder) is necessary to widen the proportional band 
(reduce loop gain) as the flux level increases. 


POWER REACTOR SYSTEMS 


Perhaps the simplest type of power reactor in opera- 
tion at present is the single-cycle boiling-water-type 
shown in Fig. 4. Steam is generated in the reactor 
pressure vessel by fission heat in the core. ‘The steam 
passes through a steam separator drum to a turbine- 
generator and to the condenser, where it is pumped 
hack to the reactor vessel to complete the cycle. 
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FIG. 5. NUCLEAR INSTRUMENTATION >: 
ing-water reactor has nine channels—two startug 


nels, two linear flux channels lone 


\ boiling-water reactor behaves, from a control 
standpoint, like a pressurized water reactor if the 
water moderator and coolant is below the saturation 
temperature for the existing pressure. In this condition, 
addition of positive reactivity results in a power rise 
as the reactor becomes supercritical. The “period” 
of this rise depends on the amount of positive reactivi- 
ty introduced. If the reactor continues to rise in power, 
saturation temperature will be obtained when core 
power level reaches several kw and local boiling will 
begin in the fuel element matrix. As soon as boiling 
starts, steam bubble voids are produced, which in- 
creases the over-all neutron leakage from the core. 
thus reducing the positive reactivity. If no action is 
taken to compensate for this loss of positive reactivity 
(such as further withdrawal of rods) the reactor will 
stabilize itself at a power level where the negative 
reactivity in the voids equals the positive reactivity 
which existed in the subcooled condition. Thus, a boil- 
ing-water reactor has an inherent self-regulation. 

In order to increase the power (steaming rate), it 
is necessary to move the control rods so as to intro- 
duce positive reactivity to over-ride the negative re- 
activity effect of the steam void coefficient. Thus. a 
fixed steaming rate will result, depending on fission 
product poison build-up and fuel depletion, for every 
position of the control rod. 
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BWR Nuclear Instrumentation 


The nuclear instrumentation for a boiling-water re- 
actor is generally divided into nine separate channels 
as described by Lipinski and Ramp.” Basically these 
channels can be grouped into startup, intermedtate 
and hi-power ranges ‘Fig. 5). Fig. 6 shows the flux 
ranges of the nine nuclear instrumentation channels. 
The figures are based on an ion chamber sensitivity of 
10° '* amp neutron em? sec and a neutron flux 
density in the chamber tubes of 2.x LO" neutrons em? 
sec at 20) megawatts core power. 

\s shown in Fig. 5. both of the startup channels 
use BF, chambers as primary elements. 

Both the electrometer and 9836 micro-microammeter 
channels (shown at right) bracket the startup and in- 
termediate power ranges. The electrometer is fed from 
a compensated ionization chamber. As lead length af- 
fects the time constant of this instrument, the amplifier 
is located as close to the chamber as possible. Range 
changing is done remotely from the control with a 
rotary solenoid switching unit (Ledex), Amplifier out- 
put and range selector switch position are displayed at 
the reactor console. Another output goes to the Linear 
Recorder (Speedomax) at the reactor console. 

The 9836 micro-microammeter channel is similar. 
The Linear Flux Recorder also can be used to record 
the output of this amplifier. 
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FIG. 6. RANGES of various channels in EBWR. 


Both the galyvanometer and log-N— period channels 
feenter) cover the intermediate power range and are 
fed from CIC's. The galvanometer has a sensitivity of 
$x 10 0! amp mm. The addition of a shunt extends 
the range 333 times. Batteries supply both the ion 
chamber high-voltage supply and the galvanometer 
lamp. The galvanometer channel would be the only 
indication of flux conditions in event of complete elec- 
tric power failure. This is of interest even though the 
reactor is serammed by power failure. primarily to 


watch delayed neutron flux decay. 


Lozg-\N and Period Channel 


The log-N and period channel is the same as de- 
ecribed previously for research reactors. The lou-N 
signal is displayed on a log-N recorder at the console. 
with period indicated on a meter, A period trip circuit 
is also provided and set for approximately 10 sec. A 
keyswitch is provided to bypass the period trip circuit 


when the reactor is boiling. 


Safety Channel 

Three identical level-safety channels generally are 
employed’ on a reactor of this type. These channels 
act to prevent any abnormally high excursions of neu- 
tron flux. The ion-chamber current actuates a sen- 
sitive relay and safety amplifier. The trip level on 
the safety amplifier (generally 110° of full power) 
is set lower than the trip set point on the sensitive 
relay (125'> of full power). The safety amplifiers 
are operated together in) “coincidence” circuitry 
two of the three amplifiers must be tripped before a 
fast scram is initiated. If a single safety amplifier fails. 
a warning signal is displaved in the control room. 
This type of level-safety amplifier arrangement helps 
avoid spurious scrams due to electronic component 
failures. chamber or power-supply failures. ete. On 
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the other hand. the sensitive relays are arranged to 
operate on the “auctioneering” principle. Thus, ac- 
tuating any relay will cut the power to the magnetic 
latches and scram the reactor. 

In addition to the flux monitoring and safety chan- 
nels described. many startup and shutdown interlocks 


are employed: 


Feedwater Control System 

The feedwater system for a boiling-water reactor 
(Fig. 4) generally permits control of level from either 
the hetwell or the reactor vessel. There also should 
be the ability to switch from simple proportional con- 
trol (level control adjusting the main feedwater) to 
two-element control (using either steam flow or feed- 
water flow as the second element}. to three-element 
control (using level, feedwater flow and steam flow), 
or to a four-element system (using level. feedwater 
flow and steam and velocity feedback from the feed- 


water valve). 
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Power Reactor Control 


The power reactor usually is controlled from 
two variables—the load and the neutron level. 


HERMAL reactors are controlled by manipula. 


I tion of These 


rods are fabricated of materials that have a high ab- 
and 


control, safety. and shim = rods. 


sorption cross-section for neutrons. Cadmium 
boron are most commonly used. Usually. these are 
contained in stainless steel to provide structural ri- 
gidity and corrosion resistance. The safety rods pro- 
vide several percent of negative reactivity for all pos- 
sible conditions of the When 
the active core of the machine. they quickly stop the 


reactor, inserted into 


chain reaction or, in’ reactor terminology. “seram” 


the reactor. The shim rods are used to provide. re- 
activity control in amounts depending on the operating 
As the 


pleted through burn-up. or as poisons build up in the 


conditions of the reactor. fuel becomes de- 
reactor fuel. it is necessary to make slight adjust- 
ments of the shim rods to maintain the desired reac- 
tor power level. The function of the control rod is to 
provide fine reactivity control for the reactor. 

In order to start the reactor operating. the safety 


rods must be withdrawn from the reactor. However. 
they must be in a position to be quickly inserted into 
the core of the reactor if unfavorable operating con- 
ditions arise. These rods are supported by electro- 
magnets. and the current to these magnets is supplied 
from instruments. Circuits from these instruments are 
designed so that when dangerous conditions exist. the 
magnet current to these magnets will decrease to a 
value below that required to support the rods, Hence 
the rods fall into the fuel assembly. and the reactor 
scrams. 

Basically. there are three primary considerations 
Vol. Sl 
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that must be taken into accof@t in) controlling the 


nuclear reactions of all reactors. 

1. The neutron flux of the reactor must not be al- 
to the for 
periods of time. 


lowed exceed maximum levels extended 


2. The positive period of the reactor must not) be 
permitted to become too short. Reactor period (the 
time required for the neutron flux to change by a fac- 
tor of eo or 2.718) is positive when the neutron flux is 
increasing. negative when it is decreasing. The heat 
venerated by the reactor is proportional to the number 
of fissions occurring in the fuel. Therefore, if ex 
cessively short periods are allowed, the fuel assemblies 
could be damaged before the heat is transferred to 
the surface for removal by the reactor coolant. 


3. The neutron flux must be maintained at a con- 
stant value for extended periods of time. but must be 
capable of following load changes. 


Reactor Startup 

Fig. | is a block diagram of the instruments used 
in reactor startup. The fission chamber is used for 
detecting neutron flux at very low levels. The linear 
amplifier. by means of a pulse height selector, trans- 
mits only those pulses resulting from fission. The out- 
put of the pulse height selector is fed to a log count 
rate meter, which averages a series of electrical pulses. 
The log count rate meter supplies an output signal pro- 
portional to the logarithm of the number of input 
pulses per second. This output is fed to a meter for 
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indication and a recorder for graphic presentation. 
The meter and the recorder scales are logarithmic, and 
may include a range from one to six decades. 

Protection against excessive reactor period is neces- 
sary for the low levels at which the counting rate chan- 
nel is effective. Therefore, a period amplifier follows 
the log count rate meter, It accepts an input voltage 
whose time derivative (rate of change) is obtained: 
therefore. the output signal is a voltage proportional 
to the rate of change of the neutron flux of the reac- 
tor, This voltage is supplied to relay circuits which 
operate a relay in series with the magnet current 
power supply. Thus. if the period of the reactor ex- 
ceeds a predetermined value. the magnet current is de- 
energized. and the reactor scrams. 

By the time the neutron flux of the reactor is of 
~ufficient magnitude to approach the upper limits of 
the counting rate channel, other instruments are capa- 
ble of supplying information to the operator and the 
safety circuits. One group of instruments used for this 
purpose is called a log power and period channel. This 
channel consists of a compensated ionization chamber, 
its power supply. a log-N amplifier. and a period 
amplifier. 

In the amplifier the input signal flows from plate 
to cathode of a 9004 diode. When such a current is 
small the voltage across the diode is proportional to 
the logarithm of the current. Hence the d-c signal at 


the input of the amplifier is proportional to the log- 
arithm of the neutron flux. This signal is amplified 
and indicated on a meter and recorded on a recorder. 


The meter scale and the recorder have logarithmic 
calibrations. 

A differentiation network is provided in the log-N 
amplifier to differentiate the signal to indicate the re- 
actor period (rate of change of neutron flux). This 
signal is also supplied to a meter for indication and 
a recorder for graphic presentation. 

Following the log-N amplifier is a pertod amplifier. 
This amplifier is a coupling device between the log-N 
amplifier and the safety circuits, As previously de- 
scribed. the time derivative of the logarithmic signal 
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is obtained, However. in this case the output is sup- 
plied to the magnet current circuit to initiate a reactor 
scram if excessively short periods are realized. 


Protection Against Excessive Power Levels 

It is necessary to incorporate control equipment 
that will quickly shut the reactor down if unsafe levels 
are reached. The group of instruments for this purpose 
consists of an uncompensated ionization chamber and 
a safety amplifier (not shown). 


Power Operation 

Any one of several methods of control may be se- 
lected for a power reactor. The method chosen will 
be dictated by the basic requirements of the plant. An 
ideal situation is for the reactor to be an inherently 
self-regulating machine, with no electronic and me- 
chanical controls required to regulate its power out- 
put. A reactor having a negative temperature coef}t- 
cient and operating on a program of maintaining the 
average coolant temperature constant will substantially 
contribute to this ideal situation. A reactor having a 
negative temperature coefficient is one whose reac- 
tivity decreases as its average temperature increases. 

It may be desirable to maintain the reactor outlet 
temperature constant. Such control instrumentation is 
shown in Fig. 2. It consists of a recorder measuring 
reactor outlet temperature. a controller, and a servo 
amplifier. The controller receives inputs from a trans- 
mitting slidewire in the temperature recorder. a pow- 
er level set control, a tachometer feedback. and a neu- 
tron detecting ionization chamber. The system is de- 
signed to regulate the reactor outlet temperature to a 
value determined by the setting of the power level 
control. Provisions are made for the neutron signal 
to over-ride the power level signal when the neutron 
flux approaches excessive levels. The tachometer feed- 
hack is used for servo stabilization. The servo ampli- 
fier receives the error signal produced by the con- 
troller and drives the servo motor mechanically linked 
to the control rod, 
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FIG. 1. ELEMENTS of the Shippingpoort reactor. 


The Shippingport Reactor 


is controlled by (1) temperature of 
water in coolant loops and (2) re- 
actor power signal (neutron level). 


steam pressure varies from no-load (634 psis to full 


HIPPINGPORT reactor of Duquesne Light Com- 
load (600 psit. which resulted in) some increase in 


pany is the nation’s first reactor to supply elec- 
steam plant costs. 

The basic variable is outlet 
(542 Fi. measured by two resistance thermometers 
in-each primary loop. one in the hot leg and one in 
the cold leg, 

The temperature signals are combined with a re- 


tric power to a city area. Fig. | shows the elements of 


water temperature 


the system. which is a joint project of Westinghouse 
Electric Corporation, the AEC. and Duquesne Light. 
\ large share of the instrumentation was performed 
under AEC bids by Norwood Controls: Bailey Meter 
Company built the instrument panels: the instrumen- 
tation includes equipments supplied by Foxboro, Min- 
neapolis-Honey well. Leeds & Northrup. Assembly 


Products, and many other instrument companies. 


actor power signal (neutron level as shown in Fig. 
2. Use of the derivative signal of neutron flux gives 


rate of change. or anticipatory. control, 
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The reactor supplies four coolant loops in order to 
keep piping sizes at reasonable values. Heat is carried 
from the reactor by highly purified water flowing 
through three primary loops (the fourth is spare) to 
steam generators (heat exchangers}. Steam flow from 
the steam generators flows to the turbine via a com- 
mon header. Two of the loops use Foster-Wheeler type 
exchangers: two use Babcock & Wileox exchangers 
for comparison. 

Control is based on the average temperature of the 
coolant (rather than steam pressure) in order to keep 
the control system simple and to take advantage of the 
reactors inherent negative temperature coefficient of 
reactivity. The only disadvantage of this is that the 
Vol. 31 
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The water pressure in the pressurized system also is 
controlled at 2000 psi within LO: psi. 

Level in the pressurizer also is controlled via d-p 
cells. This signal is useful because it gives immediate 
indication of plant operation, 

\ rapid measure of reactor operation also is ob- 
tained via measurement of leakage neutron flux with 
a BF, and compensated ion chambers. 

Sixty annunciators are used to monitor all opera- 
tions. Simulation of the control system has shown that 
all transients can be handled by the svstem. The in- 
strumentation. which was expected to be accurate to 
of better 


about 24,. turned out to have an accuracy 


than 1‘:. 
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\pplied Radiation Corporation 


N Sources for Industry 


This appraisal of various radiation sources compares 
advantages and costs of radioactive waste and other 
reactor sources versus accelerators of various types. 


TABLE 1—RADIATION SOURCES 
|. REACTOR-PRODUCED RADIATION 


A. Direct use of gamma rays produced during operation of 
reactor 
B. Radioactive materials produced by reactors 


a. Waste fission products 
b. Radioactive fission gases 
c. Cobalt-60 produced by neutron activation in a reactor 


2. ACCELERATORS FOR PRODUCTION OF RADIATION 


A. Direct high-voltage machines 
a. Conventional x-ray machine 
b. Resonant transformer 
c. Van de Graaff generator 
d. Capacitron 
e. Genetron 
B. Resonance-type accelerators 
a. Linear accelerator 
b. Microtron or electron cyclotron 
c. Synchro-cyclotron 
d. Synchrotron 
C. Acceleration by magnetic induction 


a. Betatron 


TABLE 2—APPROXIMATE FISSION ENERGY 
BALANCE* 

Kinetic energy of fission fragments 
Radioactive decay energy 21 


168 Mev 


Energy of neutrons 
Instantaneous gamma-ray energy 

20! Mev 
*From "Source book on Atomic Energy,’ by Samuel Glasstone, 
D. Van Nostrand. 


ADIATION USES by industry —including  steri- 
R lization of food and drugs, production and treat- 
ment of chemicals and plastics, and change in prop- 
erties of electronic components—-has been delayed by 
lack of suitable radiation sources. The two general 
approaches to producing low-cost high-intensity 
radiation are classified in Table 1. 


Reactor-Produced Radiation 

The total amount of energy released by the fission 
reaction in uranium is 201 Mev (million electron 
volts) per atom. This energy has the forms listed in 
Table 2. 

The instantaneous gamma-ray energy accounts for 
3 of the total reactor output power and appears to 
be a ready source of radiation. However, these gam- 
mas are released throughout the reactor core and only 
a fraction can be used. Moreover, the instantaneous 
gammas are mixed with neutrons which can induce 
radioactivity in the product being processed. Thus, this 
source loses its appeal. 

Waste fission products from reactors have received 
considerable publicity. The delayed energy released 
from the fission reaction, including the energy of beta 
particles and neutrinos as well as gamma-ray energy, 
is about 10°% of the total fission energy. A multitude 
of fission product isotopes, the so-called radioactive 
wastes, are produced in amounts ranging from about 
10~-° to as much as 6% of the original number of 
uranium atoms. 

The Atomic Energy Commission has been interested 
in finding practical applications for the accumulating 
radioactive wastes from its production reactors. This 
waste material, left after the recovery of plutonium and 
uranium, is not in desirable form for use as a radi- 
ation source. The most suitable radioisotope com- 
ponents of the fission product wastes are Cerium- 
Praseodymium 144 (300-day half life) and Cesium- 
Barium 137 (33-year half life). These account for 5% 
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Cobalt-60 by Neutron Activation 

Perhaps the most realistic uses of reactor power to 
obtain radiation sources for industry is by neutron 
activation of Cobalt-60 in large enriched-fuel reactors. 
This abandons the idea that industry use the waste 
products of weapons production and nuclear powet 
activities. In fact. production of Cobalt-60> will in- 
crease the problem of radioactivity waste disposal. 

The advantages of Cobalt-60 over other radioactive 
sources are considerable. Colbalt| metal can be pre- 
fabricated into certain desired) source shapes before 
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and 6% respectively of the total vield of fission iso- 
topes. However. they are mixed with the other unde- 


sirable isotopes which reduce the effectiveness of the 
source by self absorption of the radiation. 

\ megacurie source will sterilize approximately 1] 
ton of food per hour. To make a one-megacurie source 
of Cesium 137 (33-year half life) requires the burnup 
of 800 pounds of uranium. If this burnup took place 
in | year, the continuous rate of thermal energy pro- 
duced during the year would be 1000 megawatts. In 
other words. a 1000-megawatt reactor. a large instal- 


lation. would vield only a single 1-million-curie 


Cesium source each year. 
It appears that gross fission products and sepa- 
rated fission isotopes cannot be considered as practical 


industrial sources at this time. 


Radioactive Fission Gases 

Some 1‘> of the fission energy in a reactor appears 
in the form of radioactive gases Xenon and Krypton.! 
Loftness? and others have indicated that these gases 
can be removed from a solution-ty pe reactor and 
pumped through an irradiator. 

Fig. 1 shows how an installation of this type might 
he designed. Source strengths obtainable would be ap- 
proximately 3 kilowatts of useful gamma energy per 
megawatt of reactor power. Loftness estimates that a 
3-megawatt solution-type reactor facility would cost 


approximately $1.600,000, 
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being activated in a reactor, and there are no chemical 
separation problems; there is the hazard of handling 
hundreds of pounds of intensely radioactive material. 

The economic factors in) Cobalt-60°) production 
are as follows: An estimated cost for neutron activa- 
tion of Cobalt in a production-ty pe reactor is approxi- 
mately $.25 per curie: a megacurie source would cost 
about S400.000. installed. 

The relatively low-power research reactors at Oak 
Ridge and Brookhaven have limited production capaci- 
ties, For example. one of the largest single Cobalt-60 
sources vet produced (4000 curies) was produced in 
the Brookhaven reactor and required a period of more 
than two years. To produce the megacurie sources 
needed by industry will require large reactors. 

The ARC could. in the interest of promoting peace- 
ful uses of atomic energy. make a portion of its plu- 
tonium production facilities available for the produc- 
tion of Cobalt-60. Space in the Savannah River re- 
actors already is to be made available tor production 
of Cobalt-60 for teletherapy. However. these are com- 
paratively small sources. A) 1O0-megawatt) enriched: 
fuel reactor xapable of producing a dozen one-meoa- 
curie Cobalt: sources a vear would require an invest- 
ment of SG.000,000, 


Radiation by Accelerators 


Radiation also can be produced by machines and 
electronic devices which accelerate electrons to en- 
ergies of millions of volts. High-energy electrons Cin 
the range of 2 to 12 Mev) produced by machines can 
he used either directly as a source of ionizing eneres 
or can be converted into x-rays when increased pene- 
tration is desired. 

The depth of penetration of an electron beam as a 
function of energy is shown in Fig. 2. For comparison. 
the half-value penetration in water for 0.66-Mev gam- 
mas from Cesium-Barium 137 is 3”. and that for 1.33- 
Mev gammas from Cobalt-60 is about 4”. The number 
of practical uses for electron beams can be expected to 
increase with increased beam energy. However. there 
is an upper energy limit imposed by the generation of 
neutrons. For food processing applications this limit 
will probably be in the range of 8 to 12 Mev. 

\ typical food-processing plant could use two accel- 
erators injecting electrons into a prepackaged product 
from two sides. This gives maximum use of the elec- 
tron beam and uniform dosage vs depth. For example. 
two 10-Meyv units could irradiate prepackaged meat= 
with a uniformity in depth 


in thicknesses up to 3” 
of + 20%. 

There are fundamental differences between acceler- 
ator-produced radiation and radiation from isotopes. 
Only the gamma rays from reactor products are useful. 





and they are emitted in all directions. In contrast. both 
the electron beam and the x-ray beam from a linear- 
type accelerator are directional within angles of 30 
or less. 

Klectron-beam energy can be converted to x-rays 
for increased penetration (Fig. 2). However. the low 
conversion efficiencies (Fig. 3) show it is best to 
tinake use of the electrons directly, wherever possible. 


Conventional X-Ray Machines 
Medical and industrial x-ray machines operate at 
potentials up to 260.000. volts, Conversion efficiency 
for making x-rays at this energy is only about 1+. 
and the electrons have so litle range that they cannot 
he used effectively for industrial purposes. 


Resonant-Transformer Accelerators 

The General Electric Company has manufactured a 
number of 1- and 2-Mev resonant-transformer units 
for industrial radiography and other uses. Basically 
the resonant transformer is a pressurized-gas. insu- 
lated. tuned transformer incorporating a multi-stage 
accelerating tube across the high-voltage secondary 
winding. It is compact and simple. 

It is an a-e device with the accelerating tube pro- 
viding half-wave rectification. A disadvantage is the 
varying output voltage during the voltage half cycle, 
which tends to introduce low-energy electrons into the 
output beam. Units with energies of 4 Mey and beam 
power up to 20 kilowatts have been tested. 


Van De Graaff Accelerators 

The Van de Graaff accelerator (Fig. 4). a widely 
used device for nuclear physics research. has been 
brought to an advanced stage of development by High 
Voltage Engineering Corporation. It is an electrostatic 
machine in which an electric charge is spraved on a 
moving belt that transports it to a high-potential point 
(3). The high-voltage terminal is insulated from the 
shell by an atmosphere of compressed nitrogen (4). 
Klectrically charged particles (5) are made available 
for acceleration from a heated cathode (for electrons) 
or a gaseous discharge (for positive ions). These 
positive or negative particles can be injected into an 
accelerating tube (6) placed across the d-c potential. 
This is a glass and metal tube. maintained at a high 
vacuum. Which provides the path for the charged par- 
ticles to escape from the high-voltage terminal. 

The good voltage regulation which can be obtained 


is important in the production of monoenergetic beams 
needed for nuclear physics research. The highest 
unit is a 3-Mev 10-kw electron machine that 
costs over $400,000, A practical upper limit in output 
energy is about 3 Mev for this tvpe of accelerator. 


power 


The Capacitron 

The Capacitron uses the principle of charging ¢a- 
pacitors in parallel and then connecting them in series 
across the accelerating tube to produce an output volt- 
age equal to the number of capacitors multiplied by 
the voltage of the charging power supply. The Capaci- 
tron. manufactured by Electronized Chemicals Cor- 
poration, delivers the beam in short intense pulses. 
Again. the practical voltage limit is about 3 Mey. 





FIG. 3. EFFICIEN- 
CY of x-ray pro- 
duction of vari- 
ous targets from 
high-energy elec- 
trons. (Data after 
C. W. Miller.) 
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FIG. 4. VAN DE GRAAFF 
accelerator accelerates 
electrons, protons, or 
heavier positive ions by 
the potential difference 
between the high-voltage 
terminal at top (3) and 
lower end of accelerator. 




















The Genetron 

The Genetron uses cascaded 250.000-volt d-c power 
supplies (the type used for medical x-ray machines} to 
give a high-voltage d-c supply. It has low ripple and 
can deliver as much as 50 kw at 1 to 3 Mev. 

The Genetron is not being manufactured but is men- 
tioned here because of its unusually high power capac- 
ity and because certain of its features have been  in- 
corporated into accelerators which are now in use. 

All of the accelerator types discussed so far must 
provide insulation to sustain the full output voltage. 
The evacuated accelerating tube also must withstand 
the full voltage. This limits the output energy to about 
3 Mev. 


Resonance-Type Accelerators 

These insulation limitations are not present in reso- 
nance-type accelerators which accelerate charged par- 
ticles by successive applications of a moderate poten- 
tial. 
Electron Cyclotron or Microtron 

The cvelotron (Fig. 5). invented by Dr. Lawrence at 
the University of California. is the most familiar of the 
resonance accelerators. A magnetic field causes 
charged particles to travel in circles of ever-increas- 
ing radii as they are periodically acted upon by an 
accelerating voltage. 

The charged particles are usually heavy positive 
ions (ionized atoms of hydrogen or deuterium formed 
near the center of the chamber by a source such as a 
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yarticies are accelerated by a 


filament and grid system whose electrons ionize some 
the chamber). If a proton (hydrogen ion) 


starts at A it is accelerated each time it passes the gap 


gas in 


between the two D-shaped electrodes. Once past the 
gap it is bent into a circular path by the magnetic field 
and returned back to the gap. The polarities of the D- 
shaped electrodes are reversed each time the oscillator 
tubes change polarity, and the protons reach the gap at 
the instant of maximum acceleration on each cycle. 

Using the cyclotron principle to accelerate electrons 
is difficult because the light, negatively-charged elec- 
trons approach the speed of light rapidly at compara- 
tively low energies. Near the speed of light the elec- 
trons change mass (as predicted by relativity theory 
considerations), which in turn causes them to get out 
of step with the applied r-f voltage. The evclotron no 
longer functions properly when this occurs. 


Synchro-Cyclotron 

This difficulty can be overcome by gradually re- 
ducing the frequency of the r-f voltage applied to the 
electrodes as the particle increases in speed. However. 
no new particles can be started and only one batch of 
electrons or particles can be brought through the ac- 
celeration process. This reduces the current output. 
Machines using this technique are called) synehro- 
eyelotrons. 

As the electron current output of cyclotrons and 
synchro-cyclotrons is low, these techniques for accel- 
erating electrons are not useful for industrial applica- 


tions. 


The Synchrotron 

Instead of varving the frequency of the r-f field as 
the mass of the particle increases, it is possible also 
to vary the magnetic field H as the mass increases. 
This is done in synchrotrons. Machines of this type 
have been built for particle energies of 300 Mev. but 
again they are not suitable for industrial applications 
because of limited electron current. 
Vol. 31 
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The Betatron 
the field 


accelerates the 


In the betatron (Fig. 6). supplied by the 


a-c magnet not only electrons but it 
also increases as the speed of the electrons increases, 
causing the electrons to stay in one orbit. The electrons 
make a large number of revolutions. picking up energy 
on each. The electrons can be made to strike a target 
by unbalancing the magnetic field at the propet in- 
stant. The current output of the conventional beta- 
low (Table 3). 


tron is very 


Fixed-kield 


The Midwestern 
is planning the construction of the highest energy pro 
ton accelerator in the world. Under the leadership of 
Professor D. W. Kerst of the University of Tlinois, 
the Midwestern group has developed the principle 
which is called fixed-field alternating-gradient. of 
simply FFAG. 

The University of Michigan has now. successfully 
operated an electron model of the FFAG betatron. It 
has been predicted that continued development of this 
new accelerator technique could ultimately result’ in 
electron beam powers of 50 kilowatts at 50 Mev. 


{lternating-Gradient Betatron 


Universities Research Association 


Electron Linear Accelerator 


Professor Hansen and his associates at Stanford 
University were responsible for the successful develop- 
ment of the traveling-wave electron linear accelerator 
in this country. This accelerator represents a success- 
ful combination of physics and high-power microwave 
engineering. 

The basic requirements for the traveling-wave ac- 
celerator are (1) a multi-megawatt source of radar- 
frequency power, (2) a specially-constructed wave- 
guide. and (3) a source of energetic electrons (Fig. 7). 








TABLE 3—COMPARISON OF PARTICLE 
ACCELERATORS 





Name Highest Energy Characteristics 


Obtained* (Mev) 
Van de Graaff Accelerates electrons, pro- 
tons, deuterons, or heavier 
positive ions. Has steady 
voltage, continuous high or 
low currents. 


Accelerates protons, deu- 
terons, or helium ions. Has 
high voltage, high average 


current. 


Cyclotron 


Synchro- Accelerates protons, deu- 
cyclotron terons, helium ions. Has 
high voltage, low current. 


Accelerates pulses of elec 
trons. Very low current. 


Synchrotron 


Accelerates pulses of elec- 
trons. Very low current. 


Betatron 


Electron Linear Accelerates pulses of elec- 

Accelerator trons, protons, deuterons, 
or heavier positive ions. 
Moderate current. 





*Figures are only orders of magnitude. For example, it has been 
proposed to develop synchrotrons of up to 6000 Mev, electron 
linear accelerators of up to 40,000 Mev. 


A fundamental advance in concept has been made 
by R. F. 


Applied) Radiation Corporation) that uses the r-f 


Post in the design (developed recently by 


power source (a high-power Klystron) as the electron 
injector for the waveguide. Fig. & traces the electron 
beam through the accelerator. showing how. electric 
power is converted to electron beam power, 

The cathode of the electron gun is pulsed by volt- 
ages in the range of 150,000-250,000 volts. with pulse 
lengths of 10 to 50 microseconds. In the unit: shown 
in Fig. 8. current: pulses of 50 amperes peak pass 
through a hole in the anode face and through the kly- 
stron. which is a succession of resonant cavities sepa- 
rated by drift tubes. A small amount of r-f energy in 
the first cavity is amplified to a high-power in’ the 
output cavity. A magnetic field prevents the beam from 
blowing up before it reaches the collector. Energy from 
the pulsed electron beam. now converted into r-f en- 
ergy. is then transmitted through a hole in the collec- 
tor-coupler into the accelerator waveguide where it is 
propagated as a traveling wave towards the output end. 

This new concept makes possible the very-high- 


power beam needed for industrial processing. Table 4 


shows specifications for two models of the Post design. 


Comparisons 

Table 5 compares the most: promising radioactive 
source (Cobalt-GO) with the most promising machine 
source (the electron linear accelerator). 

Table 6 compares the economies of 3 sources—fis- 
sion gas, Cobalt-60. and the electron linear accelerator, 

Neither linear accelerators nor large radioactive 
sources have been used as yet in a commercial opera- 
tion. Undoubtedly there will be applications for which 
one source or the other will be superior. as determined 


by trial and experience. 


TABLE 4—IMPROVED LINEAR ACCELERATORS 
Mark 20 (Proposed) 


Electron beam energy 6 Mev Up to 25 Mev 
Electron beam power 4 kw 60 kw 

200 ma 20 ma 

3 ma at 20 Mev 


40 microseconds 


Specification Mark | 


Peak beam current 
Average beam current 0.7 ma 
10 microseconds 


1, 30, 60, 120, 360 
per second 


Pulse length 
Repetition rate 


TABLE 5—COMPARISON OF COBALT-60 
AND ELECTRON-LINEAR ACCELERATORS 


Advantages 


Cobalt-60 


. Simple mechanically and 


electrically 


. Reactors already exist which 


could produce sources 


. Can be made in any sizes 
. Greater penetration than 


Accelerators 


. Produces both electrons and 


x-rays with high directivity 
. Can be turned off 
. No fissionable material 
. Accelerators available now 
. No danger of radioactive 


contamination 
. X-rays have greater pene- 
tration than gammas from 


Cobalt-60 


electrons from accelerators 


Disadvantages 


. Not now available in sizes |. Intricate electronic device 
needed 2. Periodic replacement of 
. High cost for a facility to some parts 
produce large sources 3. Cannot be made arbitrarily 
. Can't be turned off for in- small to compete with small 
stallation or maintenance cobalt sources 


oneeneenae 





Table 6—Capital Costs per Kilowatt of 
Radiation Capacity. 


Estimated Source Cost 
Initial per kw of 
Cost of Radiation 
Source Output 


Type of Source 


Fission gas facility 
(0.16 Megawatt reactor) 
Fission gas facility 
(2.9 Megawatt reactor) 
Cobalt-60 (made in an enriched 
fuel reactor)‘ (1 megacurie size) $ 400,000 $ 33,000 
Accelerator (4-kw 6-Mev 
using electrons)’ $ 125,000 31,000 
Accelerator (4-kw 6-Mev 
using x-rays) $ 125,000 
Accelerator (60-kw 10-Mev 
using electrons) 
Accelerator (60-kw 10-Mev 
using x-rays) 
Accelerator (400-kw 12-Mev 
using x-rays) 


$ 350,000 $ 700,000 


$1,800,000 $ 120,000 


170,000 
$ 300,000 5,000 
$ 300,000 18,000 


$ 450,000 3,700 
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This analog study of a typical wet process 
was performed without elaborate frequency 
response testing or plant experimentation by 
using an approximate analog consisting of ac- 
tual instruments plus simulated process units. 


SMULATON OF A SOLVENT RE 


N ALOG METHODS used to simulate a process 

depend on (1) the capabilities of the computer 
and (2) the nature of the process unit. They also de- 
pend on (1) the nature of the available plant infor- 
mation and (2) the availability of process equipment 
for experimentation. 

Little is known about the transfer functions for 
particular pieces of plant hardware; one is fortu- 
nate to get even complete detailed engineering draw- 
ings of all items. Under these circumstances the trans- 
fer-function approach commonly used by servo de- 
signers is not feasible for most process applications. 

Usually only a few frequency-response tests can 
be made on individual pieces of plant equipment be- 
cause the items are not available before the unit is 
built. After it is built the manufacturing department 
is reluctant to interfere with production schedules. In 
many cases frequency-response (linear) data around 
the designed operating point is of limited value. where- 
as studies of start-up procedures. of operating char- 
acteristics at off-normal conditions, and of shut-down 
characteristics are desirable or essential, Further, the 
operating variables may cover such a wide range that 
the nonlinearities in the physical equipment must. he 
included in the analog. 

\ method of developing an analog of a process unit 
will be described which combines inspection of the 
system. understanding of the basic physical principles 
involved. and some relatively simple arithmetic. 

The computer used to solve this process problem 
has the following equipment available: 

120 combination sum-integrate amplifier- 
120 limiter pairs 
1G sum only amplifiers 
26 servomultipliers 
16 photoformer-ty pe function generators 

a |-ampere referenc e group 

ie) 300 coefficient potentiometers 


th) 186 1-vf polystyrene capacitors 


Presented at Midwest Simulation Council Meeting, February 3. 
1958. 
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LLOYD G. LEWIS 


Standard Oil Company (Indiana) 


= 


Solvent Recovery System 


\ solvent recovery system is shown in Fig. 1. The 
steps shown are feed preheating (C,; and Cy). two 
stages of flash distillation (Cy. C, and Ey), and steam 
stripping (E.). Conventional pumps (J's). heat ex- 
changers (Cos). vessels (k's). and control equipment 
are shown. 

The control loops are all simple and can he handled 
hy the usual “seat-of-the pants” methods, In fact, there 
is no point in simulating the operation of this plant. 
provided ample solvent storage capacity is available. 
However, it has the disadvantage that steam and wate 
consumption is high. The process engineer can reduce 
operating costs by recovering as much heat as possi- 
ble from the several output streams. One of several 
possible schemes is illustrated in Fig. 2. Here the 
teedback inter-relationships add =a complexity that 


suggests analysis via simulation. 


A Heat-Balanced Solvent Recovery System 

The vapor from Cy is used to warm the feed in C,. 
thus eliminating the 10-psi steam and reducing the 
amount of water needed in Cy. The thermal feedback 
loop €y-Cy-Co-Cy has positive feedback. 

If the pressure in ky is higher than the boiling point 
of the liquid in C,. the vapor from EE, can be used 
‘instead of 100-psi steam) to heat C.. This reduces the 
amount of water needed in C;, The pressure controller 
PRC-1 is required to vary the effective condensing 
surface of Cy. The feedback loop C3-Jo-C,-E,-Cy also 
has positive feedback. In addition. there is a trans- 
port lag Cy to ky. 

Use of 10-psi steam in exchanger C. 
nated by using the hot bottoms from the stripping 
column, This reduces the amount of water needed in 
exchanger C;. The feedback loop Cs-C,-Cy-Fy-Bo-C. 
also has positive feedback. 

The elimination of 10-psi steam to C,, 100-psi steam 
to C,. and 10-psi steam to Cy results in a large reduc- 
tion in utility cost. On the other hand. the unit has be- 
come more complicated to control. Such a system can 


can be elimi- 


be hard to start up. can be sensitive to external dis- 
turbances, and can be unstable under some operating 
conditions. Hence the best procedure is to simulate the 








complete system so that (1) the start-up procedure can 
he tested, (2) the “lined out” stability can be tested 
by using outside disturbances such as steam pressure 
change or feed composition change. and (3) stability 
can be tested at different throughputs. 


Simulation of Heat Exchangers 

The analog circuits for representing a heat  ex- 
changer can be made as complicated or as simple as 
desired, If one tries for mathematical rigor, the ana- 
log is hopelessly complicated, with second-order par- 
tial differentials that are nonlinear. Important’ ex- 
changers can be studied in detail but this is seldom 
necessary, Several factors make such rigor pointless. 

From a practical operating viewpoint. the plant 
should be operable with some of the heat exchangers 
not in service. In addition, the resistance to heat flow 
can change by a factor of 2 or 3 between the time of 
start-up and the time of the next cleaning. Therefore, 
most exchangers are over-surfaced when clean. and 
the calculations of heat-transfer rates need only be 
approximate. With these points in mind we may pro- 
ceed to look at the exchangers in Fig. 2. 

The exchanger C, in Fig. 2 has relatively cold liquid 
flowing through the tubes. Vapor condensing on the 
outside warms the liquid. The amount of heat trans- 
ferred to the liquid will be limited by the availability 
of vapor or by the ability of heat to flow through the 
available surface. The exit temperature of the liquid 
also will depend on the liquid flow rate. 

For the case where vapor availability rather than 
surface is limiting. the output steady-state temperature 
Ty can be calculated by adding the heat carried into 
the exchanger (by the liquid) to the heat carried in 
by the vapor as super-heat and latent heat. This total 
is then divided by the heat capacity of the liquid steam 
flowing out to give the equation shown in Fig. 3. 

However. the maximum Ty. is Ts. even for an in- 
finite surface and unlimited amount of vapor. Unless 
the superheat is very large. the practical limit is the 
dewpoint Ty. Ty. can be computed by a circuit: con- 
taining two amplifiers and a servo multiplier, as shown 
in Fig. 3. The steady-state outlet temperature is com- 
puted as above but has an upper limit + Ty A. A can 
be made to vary with fF, to take into account the vari- 
ation in outlet: temperature with load. In the event 
that T. varies significantly, the potentiometer in Fig. 
3 that contains Ts must be replaced by a multiplier. 
This calculation neglects the subcooling of the con- 
densate and the heat losses to ambient. 

\ heat exchanger contains time lags. These can be 
discovered by writing the differential equation for 
such a device and noting that the time lag is a high 
order one that depends on the reciprocal flowrates of 
the fluids through the exchanger. At high flow rates 
the lags are short. and vice versa. From experiments 
on the analog. we found that the response to a step in- 
put was essentially the same for all lags higher than 
third order, provided the total RC was the same. From 
this, there is littke point in representing the heat ex- 
changer as higher than third order. 

Fig. 4 shows a circuit that produces a variable time 
lag by using a servo multiplier and three amplifiers. 




















FIG. |. BLOCK DIAGRAM of simple solvent recovery 


system. 








SOLVENT PRODUCT 


FIG. 2. BLOCK DIAGRAM of improved solvent re- 
covery system that eliminates need for low-pressure 
steam but presents a contro! problem. 


Vapor 


Go lake al te 
CGC 
6 
FIG. 3. BASIC HEAT EXCHANGER variables, equa- 


tion, and simulation circuit. 





Tiss = 





The lag is varied by the flowrate Fy. The capacitors 
are sized so that the lag at “normal” flowrate is equal 
to 


BTL °F for liquid in tubes + BTU) °F for iron in tubes 


BTL °F see of liquid: flow 


This same exchanger can be simulated by using a 
finite difference technique—the exchanger surface is 
divided into pieces and the heat flow through each 
piece is calculated. This requires many more multi- 
pliers and is not justified except in special cases. 

Liquid-liquid exchangers. such as Cy in Fig. 2. are 
almost invariably a baffled U-tube bundle in a single 
shell. A study of the exchanger data sheets for a num- 
ber of such exchangers showed that the outlet tempera- 
tures of the two streams tended to approach each other. 
The difference in temperature between them was pro- 
portional to the sum of the flowrates. This reduces the 
calculation of the steady-state outlet temperature to 
a simple heat balance. The circuit for this is shown in 
Fig. 5. 

The time delay in this case depends on the recipro- 
cal of the sum of the flow rates multiplied by specific 
heats. The circuit is the same as that given in Fig. 4 
with the exception that the input to the servo is 
(Fy) tag) (Fy) toy). The voltage A in Fig. 5 repre- 
sents one half the difference in temperature between 
the two streams. The time-delay circuit may use other 
cups on the servo multiplier shown in Fig. 5 if the 
capacitors are properly sized. 

The exchanger Cy is a horizontal evaporator. The 
temperature on the inside of the non-flooded part of 
the tube is the dewpoint of the vapor. The temperature 
of the outside can be considered uniform because of 
the violent agitation due to boiling. The heat-transfer 
caleulation is then a simple (Uy (A) ¢4T) where is 
the heat-transfer coefficient. A is the unflooded area 
and AT is the temperature difference across the tubes. 

The area A can be calculated by noting that the 
amount of liquid in the tubes and in C; is given by 
the time integral of the rate of condensation minus the 
time integral of the flow rate out of the valve VPRC-1. 
The flooded surface is proportional to this amount of 
liquid. The unflooded surface can be found by sub- 
traction. of the flooded surface from the total. 


Simulation of First Flash Distillation 

The boiling circuit for calculating the rate of flow 
of vapor overhead in C,, is a simple heat balance with 
the temperature fixed at the boiling point. The only 
problem is one of stability of the analog because of 
time lags in the multipliers. A simple flash distillation 
by components was simulated assuming ideal solutions 
and ideal vapors. Integrators were used to keep an 
inventory of each component in the liquid. A’ simple 
weir calculation was performed using the total inven- 
tory to get the flow over the dam in C,. 


Pump Simulation 
A liquid centrifugal pump. such as Jo. run by a 
constant-speed motor, or by a turbine with governor. 
has a steady-state head-capacity curve as shown in 
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Fig. 6. This can be obtained from the manufacturer 
The solid curve gives the increase in pressure across 


the pump as a function of flow through the pump. It 


is convenient to calculate the pressure drop in’ the 
pipe connected to Jo and subtract this from the pump 
pressure to get a net pump pressure. Vhis function 


ean then be put into a function generator. 


Valves and Actuators 

The flow through the valve VLLC-L can be com- 

puted from 

F C, \\ Ap 
where Cy is a measured flow coefficient for the par- 
ticular valve. A is the area of opening and Ap is the 
actual pressure drop across the valve. The area A is 
obtained from a function generator whose input. 's 
valve stem position, 

The time lags inherent in valve motors and valve 
positioners have been measured in’ the laboratory. 
\nalog circuits. which have been developed for repre- 
senting these pieces of hardware. are not simple be- 
cause of the large nonlinearities. These nonlinearities 
cannot be omitted because they are one cause of 
saturation oscillations in the plant. We are of) the 
opinion that it is worthwhile to use an actual valve 
motor and positioner mechanism because the analog 
is better and the cost of the equipment is much less 


than the cost of the equivalent computer hardware. 


Contro! Instruments 

The characteristics of pneumatic control instruments 
and tubing have been measured by frequency-response 
and step-input techniques in our lab. A’ lumped-pa- 
rameter delay line has been constructed that gives the 
characteristics of the instrument tubing when the tub- 
ing is terminated in a negligible volume. 

The conventional circuits (integrator plus amplifier 
plus differentiator) do not make a good analog of 
pneumatic control instruments because the saturations 
inside the controller are often important. and it is not 
obvious from a frequency-response plot: where to put 
-ignal clippers in the analog. We have found it more 
satisfactory to make a direct analog of the parts inside 
the control instrument, In this case it is obvious where 
to put the clipping limits. 

We believe it is better, easier. and cheaper to use 
actual pneumatic control instruments and coils of cop- 
per tubing than to simulate these elements. The elec- 
tric-to-pneumatic transducer required to convert) a 
computer voltage to a pneumatic pressure contains a 
lag that can be used to represent that of the actual 


plant transmitter. 


Simulation of Pipe Lags 

\ change in composition in the level pot at the end 
of evaporator C, does not influence the rate of forma- 
tion of solvent vapors in Cy until after some time has 
elapsed, This is not a pure transport lag for several 
reasons. The flow of fluids is such that the velocity at 
the center of a straight piece of pipe is higher than 
that near the wall. In addition. the turbulence  pro- 
duced at elbows and by the pump impeller tend to mix 





the fluid. Also. the volume holdup in exchanger Cy 
introduces a smoothing action. The result is that the 
pipe can be represented by a high-order lag. The input 
to the lag is the volume percent of solvent at the be- 
ginning of the pipe. The flowrate through the pipe 
determines the time delay, For instance. low flowrates 
vive long delays while high flowrates give short de- 
lays. The circuit shown in Fig. 7 makes use of a servo 
multiplier and three amplifiers to represent this varia- 
ble delay. The capacitors are sized so that the delay 
tor normal flows is equal to the volume of the pipe 
divided by the flowrate. 


Second Flash Distillation 

The second flash in Cy and Ey can be computed on 
the basis of ideal liquids and ideal vapors to give the 
rate of flow of vapor up the tower BE). The solvent re- 
flux is mostly evaporated and goes overhead. The heat 
for vaporization comes from the superheat in the vapor 
from C,. 

\ simplification tried was to consider the amount 
of solvent in the bottoms of I, fixed at the low aver- 
age value. In this case the solvent vapor overhead was 
found by difference. This works as well as the com- 
plete flash-distillation calculation in that the control 
hehavior is the same. 


Stripping Column 

The stripping column Ey can be considered to be a 
high-order fixed lag due to tray holdup. The tempera- 
ture out the bottom can be taken as the steam tempera- 
ture. All the solvent can be considered to 20 overhead. 
This is justified because the solvent in the feed to 
Bo is of the order of a few percent. and the bottoms 
contain solvent on the order of O.OLS. 


System Studies 

The validity or accuracy of such an analog is diffi- 
cult to assess. Considerable confidence in these meth- 
ods can be gained through analog studies of operating 
units. A detailed comparison between analog results 
and plant records provides the best evidence of a sat- 
isfactory analog. 

Analog results on a unit similar to that of Fig. 
showed that PRC-1L had poorly damped response with 


y- 


a long period of oscillation. A comparison of these re- 
sults with plant records showed almost identical peri- 
ods and damping. The proportional band and _ reset 
rates found to be optimum on the computer were near- 
ly those in use in the plant. 

Tests on the analog showed increasing tendency to 
instability as the feed rate was reduced, This was in 
agreement with plant experience. Other tests showed 
that the control system became more unstable as the 


percentage of solvent in the feed increased. For pure 
solvent feed. the system was violently unstable. This 


result was unexpected, but points out the cause of 
unexplained upsets in the plant. 

Once the plant operator has gained confidence in 
the analog by looking at the records of the “as built” 
plant, he is quite willing to accept the predictions of 
the analog with regard to engineering changes in his 
plant. 





FIG. 4. CIRCUIT FOR PRODUCING a variable |aa 


c 


that depends on flow F 





FIG. 5. ANALOG SCHEMATIC for U-tube heat ex- 


changer, based on simple heat balance. 








FLOW —> 
FIG. 6. HEAD-CAPACITY CURVE for liquid centrifu- 
gal pump with constant-speed motor; dotted line is net 
pump pressure after subtracting drop in pipe con- 
nected to pump. 
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FIG. 7. CIRCUIT FOR SIMULATING the variable de- 
lay between change in composition in the level pot 
and rate of formation of solvent vapors. 
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Following up the extensive treatment of strain gages 


in last month’s issue. here is a comment on series ver- 


sus shunt calibration technique for bridge circuits. 


and a few more representative strain-gage equipments. 


Series Versus Shunt Bridge Cal 









E. FRANK, 


tk: HAD. Ladi: cna bad helen alaation, 
shunt and series. have relative advantages and 


disadvantages. 


Shunt Calibration 

In shunt-calibrated bridge-balance and calibrating 
units (Fig. 1). the bridge voltage is maintained dur- 
ing the calibrating cycle and calibration is accom- 
plished by shunting a resistor across an arm. There- 
fore. the strain-gage signal continues to be trans- 
mitted to the galvanometer and the calibration pulse 
is superimposed on this signal. 


Series Calibration 

In series calibration (Fig. 2). a load-substitution 
relay de-energizes the bridge just prior to calibration. 
thus causing the galvanometer to return to zero. The 
relay also substitutes a dummy load network in-place 
of the bridge to maintain the same voltage drop across 
the Gain control. Calibration is accomplished by im- 
pressing the bridge voltage across one arm of the 
with the calibration resistor. The 
this method 


is a clean 


bridge “in series” 


calibration pulse produced by always 


initiates from zero and square wave re- 
vardless of the nature of the original signal. 

The magnitude of a calibration pulse caused by a 
connected “in series” is exactly twice 


fixed resistor 


that caused by the same resistor connected in. shunt. 
Therefore. a transducer calibrated with a bridge bal- 
ance and calibrating unit using shunt calibration. al- 
ways can be used with a unit using series calibration 
as long as a factor of two is taken into account. 
Both methods actually accomplish the same thing. 
Phe electrical sensitivity of the cireuit from the trans: 
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ducer to the galvanometer is standardized. Any change 


in the sensitivity due to a change in input bridge volt- 
age. position of sensitivity: potentiometer. change in 
contact resistance or line drop and galvanometer sen 
sitivity can be detected and corrected. 


Advantages of Series Calibration 
1. Calibration pulse always originates from true 
galvanometer zero, Data computing apparatus. eithes 
manual or automatic. can be adjusted to read from one 
point for each channel since both calibration pulses 
as well as signals originate from the same point. 
2. Since the 


pulses are always a clean square wave. Vibratory sig: 


bridge is de-energized. calibration 
nals cannot affect the reading of the pulses. 


3. Galvanometers will not be driven bevond= thei 


linear range during calibration. 


Disadvantages of Series Calibration 


1. More circuitry is required. 
2. Load-substitution potentiometers must be set to 
match the resistance of the transducer exactly. 

3. The magnitude of the calibration pulses does not 
tell whether someone has changed the setting of the 
load-substitution potentiometer. 

One feature of series calibration which can be either 
advantageous or disadvantageous is that inherent drift 
in a transducer is clearly discerned. During the cali- 
After 


the calibration pulse. bridge voltage is again applied 


bration cvele. transducers are de-energized., 
and the galvanometers drift from mechanical zero to 
the equilibrium position. Therefore. though drift is 
discerned. the records are not accurate until the trans- 


ducers warm up and the galvanometers come to rest. 
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FIG. 2. SERIES calibration circuit. 
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MODEL 6-104 SUBMINIATURE BRIDGE-BALANCE 
AND CALIBRATING UNIT of B & F Instruments is 
a complete 6-channel instrument, Can be used alone 
as a bridge-balance and manual calibrating unit. 
or up to four units can be used with the New 
Model SOB Automatic Calibrator and Control te 
provide an automatic calibrating system of 6. 12. 


IG. or 24 channels. 


AUTOMATIC-CALIBRATING BRIDGE BALANCE 
UNIT Model 24-202 of B&F Instruments embodies 
the advanced instrumentation technique of series 
calibration, and eliminates the need for data reduc- 
tion personnel to average calibration pulses o1 
“fair” zero and base-line references. The instrument 
is of special value when recording dithering-ty pe 
information and provides independent adjustment 
for each channel of voltage (individual channel con- 
trol switches). balance. galvanometer damping 
(shunt and series). sensitivity. calibrating level and 


phase. 


THIS LINEAR ACCELEROMETER of B & F In- 
struments comprises a four-arm resistive bridge of 
Bakelite-bonded strain gages on double cantilever 
beams. wired to respond to linear acceleration and 
cancel angular acceleration. Units provide direct 
oscillograph recording without amplifiers of ae- 
celerations of aireraft. missiles and other moving 


vehicles, 


48-POINT STRAIN GAGE CONTROL, SCANNING 
AND RECORDING SYSTEM Model 48-451-B of 
B & F Instruments provides for the balancing, cali- 
brating. controlling. scanning and recording of the 
output of 48 resistance-type strain gage channels. 
The heart of this system is the Model 24-451 Strain 
Gage Control and Scanning Module. Selection of 
vages and special grouping are not required, Brown 
chart recorder has three strain ranges of + 1000. 
5000 or 10,000) microinches inch, depending on 
the position of the individual range selector 


switches. 


DYNISCO (Dynamic Instrument Company) 
FLOWMETER for measuring pulsating or steadily 
flowing corrosive liquids or gases incorporates an 
unbonded strain gage. Maximum output. 3.5 mv, v; 
max, line pressure, 2000 psi: natural frequency, 
app. 1500 cps: temperatures range 65° to 
+350°F. Electrical configuration is a 4-active-arm 
Wheatstone bridge: bridge resistance. 350 ohms: 
recommended excitation, 6 volts. 


STABILIZED DC PREAMPLIFIER 150-1800 of San- 
born Instrument Company has frequency response 
from 0 to 10.000 cps (subject to limitations of 
driver amplifier). with a sensitivity of 0.1 mv per 
div. Drift is approx. 0.1 div. hr. Stability is 
achieved by use of a 3-stage de amplifier (with 
feedback}. and a 2-stage chopper-stabilized ampli- 
fier. The chopper amplifier receives (1) portion of 
same input signal as the de amplifier and (2) por- 
tion of output of de amplifier. Any drift in de 
amplifier causes chopper amplifier to feed back a 
correcting signal to the de amplifier. 


BRIDGE CONTROL PANEL BC-206 of Owen Lab- 
oratories provides control and operating voltage 
for six gage channels, with gages of 60 to 100 
ohms resistance. Removal of jumper in wiring of 
each channel permits series instead of shunt cali- 
bration (conventional). Auxiliary indicator and 
calibration panel (1C-260) furnishes balance indi- 
cating and calibrating circuitry. 
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ITS NEW!...1T’S FASTER! 
IT'S MORE ACCURATE! 


ELECTRONIC DIGITAL VOLTMETER ] 
— EDVM | 


Noiseless — Transistorized — No Stepping 
Switches. Identifies point in problem being 
read. Read-out in OO5 seconds. Accuracy 
of 0.01%. Moving parts replaced by solid 





state circuits. 





AUTOMATIC = z | = 
DIGITAL —— ‘a 
INPUT- pias a 
OUTPUT 

SYSTEM — 

ADIOS 


Servo-set ottenuvotors, pre 
progrommed on punched 
Poper tape, permit four 
times foster pot setting 
Two seconds per set with 
0.01% accuracy 


PATCH-BOARD CLUTTER 
ELIMINATED 





Countless studies at EAl Computation 
Centers dictated modular concept 
adopted in new, oversize Patch Panel 
design. Logical grouping of component 
connections replaces long patch cords 
with compact bottle plugs. “Hold’’ and 
Reset’ control now provided for indi- 
vidual amplifiers. Connections for 3,450 
terminations facilitate maximum future 


expansion. 





AUTOMATIC EXTENDED 
READ-OUT — AERO 


Problem read-out points selected by Push 
Button Control. Read-out Time — Instanta- 
neous on EAI's new EDYM. Print-out — Four 


readings per second on new EAI Printer. 





The 231-R Computer provides more 
computing at less cost, in less space 
than ever before achieved in analog 
computer design. For complete details, 
contact Electronic Associates, Inc., Long 
Branch, New Jersey, Dept. IA-4. 








® 


| 


COMPUTING EQUIPMENT 





INSINGUMITM |) MANUFACTURERS OF |] AOX 


ecouloraled PRECISION ANALOG 


LONG BRANCH. NEW JERSEY e@ TEL. CAPITOL 9-1100 
44 








ELECTRONIC 
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Bits 





This month under Pieces. I* am 
happy to report on some of the activ- 
ities of the DDA Council. As the Dig- 
ital Differential Analyzer Couneil is 
now officially a part of the Simula- 
tion Councils, Ince. we hope that we 
will be able to report their activities 
regularly. 

Also offered this month under 
Pieces is) Jerry Kennedy's slightly 
twisted (by me) writeup of the Joint 
Central and Midwestern Simulation 
Council Meeting on “Process Simula- 


Simulation Councils, Inc. 


Dov Abramis, Convair, Pomona, Cal- 
ifornia; Chairman, Steering Committee 


Western Simulation Council 


Dov Abramis, Convair, Pomona, Cal- 
ifornia; Chairman, Steering Committee 


Midwestern Simulation Council 


Warren Jackson, Jr., Standard Oil 
Company of Ohio, Midland Bldg., 
Cleveland, Ohio; Chairman, Steering 
Committee 


Eastern Simulation Council 


Hideo Mori, Hydel Inc., 99 First St.. 
Cambridge 41, Mass.; Chairman, Steer- 
ing Committee 


tion.” Apparently these people have 
bought (elsewhere) the idea that Milt 
\ronson and | have tried for years 
to sell Very interest- 


ing! 


or give away! 





Pieces 





DDA COUNCIL MEETING ON Z TRANSFORMS AND DART 


At the 15 October 1957 meeting of 
the DDA Couneil. J. |. Howell 
(Ramo-Wooldridge Corporation. Los 
Angeles. Calif.) spoke on the subject 
of “Z Transforms.” and Loren Veiss- 
ner gave the history of the DART 
Project. 

In spite of having taken “a course” 
on the subject. TP do not understand 
the Z Transform and therefore will 


Suzy says that “ve Ed.” which | would 
have used here, is corny so | will henee- 
forth use the first person singular (whieh 
] ain't’ | am neither first nor single). 


not attempt to write about it. in 
spite of the excellent (1 guess) ab- 
stract which F ictor |} on Praag wrote. 
However. [do think Loren’s notes on 
the history of the DART Project are 
interesting because they describe one 
of several attempts which have been 
made (and T hope will continue to be 
made}. to combine the advantages of 
digital and analog techniques. 

As T could not be at the meeting | 
will just give vou Loren’s notes as 
forwarded to me. If you are. inter- 
ested you can get details from the 
references. 
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Southeastern Simulation Council 


Robert S. Johnson, Georgia Institute of 
Technology, Atlanta, Georgia; Chair- 
man, Steering Committee 


Central Simulation Council 


L. R. Freeman, Phillips Petroleum Com- 
pany, Bartlesville, Oklahoma; Chair- 
man, Steering Committee 


Canadian Simulation Council 


F. W. Pruden, Analog Computation and 
Simulation Group, Mechanical Engineer- 
ing Div., National Research Council, 
Ottawa, Canada; Chairman, Steering 
Committee ; 


DDA Council 


Stan Rogers, Convair, San Diego, 
Calif.; Chairman, Steering Committee 


History of the DART Project, by 

Loren P. Meissner (US Naval 

Ordnance Laboratory, Corona, 
Calif.) 


1. The DART Project Was to some 
extent a duplication of the work of 
others-—-eall it’ poor communication. 
independent invention, or what you 
will. It is quite closely related to 
DIDA ta project at Northrop which 
predated DART by several years} 
and to WEDILOG. However, it. in- 
cludes some elements not found in 
any of the other work. This will be- 
come apparent from a description of 
the history of the DART Project. 

2. Early in 1952 a system of “pre- 
dicting” computation was proposed 
which would essentially have con- 
sisted of separate units for perform- 
ing conventional digital computing 
operations on binary numbers in the 
form of “static” sets of gating-volt- 
ages. which could be cabled together 
“analog-fashion,” with the output to 
be “predicted” far enough ahead to 
compensate for the computing de- 
lays. 

3. In a paper at the Pittsburgh 
meeting of ACM in May 1952, Gor- 
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don and Nicola showed how. to 
“multiply” pulse-train information by 
a “static” gating-voltage binary num- 
ber. The DART 
ceived as an extension of this idea 
to a full DDA. using pulse-trains for 
integration and static numbers for 
the other operations. with the con- 
version types of 
information taking place in the two 
“halves” of the integrator. A_ report 
was) published «NBS 1231. May 
1953). and finally in the fall of 1953 
the design and construction of the 
hardware was undertaken by L. P. 
Veissner and FE. O. Codier. The 
objective of the project was to build 


Project) was) con- 


between the two 


about two 
other hardware to_ test 
train portion of the system. 

bk. Construction of the first) two 
DART integrators was well under 
way in January. 1954 when George 
Fenn (who had previously worked 
at Northrop). visited NOL and men- 
tioned the DIDA Project. Up to that 
time the objectives of DART were 
such that we would have done no 
more than repeat the DIDA Project. 
In the light of this new information. 
the objectives were extended to in- 
clude some hardware for performing 
“static” operations. using the gating 
voltages available from the registers 
of the integrators. 

5. The project was terminated at 
April 1954. about 
months after the hardware design 
was started. Two complete integra- 
tors. a dual pulse-train adder. two 
dual constant-factor pulse-train) mul- 


integrators and enough 
the pulse- 


end of seven 


tiphiers. and a monitor integrator 
iwhich produced an analog-voltage 
for recording purposes} comprised 
the pulse-train portion of the equip- 
ment. In addition a static adder with 
two input half-integrators and an out- 
put’ half-integrator were completed. 
Total expenditure for the two scien- 
tists plus one technician. as well as 
for supplies. was between 10.000 
and 820.000, “DART Project — Final 
Report” (Naval) Ordnance Labora- 
tory. Corona. Report 2 yee. ee 
Meissner and EE. O. Codier) was 
August 1954, 


OCCUPrrences 


published) in 
6. Some pertinent 
since the conclusion of this project 
include: 
ta’ The announcement of a com- 
mercial pulse-train integrator called 
Wedilog. in) 1955) or 1956 (Wang 
Laboratories. Cambridge. Mass. '. 
tbh It) was pointed out that) the 
“sieve” method of integration as used 
in DART is not equivalent to the 
“Transfer” method (see Figure 3. 
NBS 1231. or article by Sprague in 
MTAC January and April 1952). The 
method large 
errors in’ certain cases —a_ horrible 


“Sieve” Introduces 
example is when y stavs at |. except 
for counting up and down on alter: 
nate pulses (Le. \ alternates between 
1OO00 . 2. and OFITT 2. 2) while dx 
is full rate. 

tc} An apparent awakening of inter- 
est since the reference to the DART 
Project material was published in the 
minutes of the New York meeting of 
the DDA Council last) spring. 





JOINT CENTRAL AND MIDWESTERN SIMULATION COUNCIL 
MEETING OF 4 FEB. ON "PROCESS SIMULATION." 





About 85 representatives of 3: 
different 
February 


» 
) 
organizations met on 4 
1958 at) Monsanto Chemi- 
cal Company's new Research Divi- 


sion in St. Louis. Wissouri. to dis- 
cuss “Process Simulation.” The large 
number of petro-chemical and other 
process industry representatives 
shows the growing awareness of this 
industry in the application of elec. 


tronic analog computers. 


Cooper on Monsanto Simulation 


Willis M. Cooper. Assistant Gen- 
eral Manager of the Research Divi- 
sion. gave the opening address. After 
a description of the Research Divi- 
sion and its place in Monsanto. Mr. 
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Cooper described some of the bene- 
fits they expect to realize through 
the use of their }l6-amplifier EA 
computer, 

Monsanto's computer is) intended 
for use on process control problems 
much as analog computers have been 
used in aircraft and related fields. At 
the present time. and certainly to a 
larger extert in the future. the com- 
puter will be used on problems. in- 
volving the chemical kinetics of proc- 
esses. Through use of the computer 
Monsanto expects to obta’n: (1) in 
creased throughput and product 
quality. (2) increased labor produe- 
tivity. (3) improved engineering. 
(4) new chemical processes. (9) im- 
provement in old) processes. 


Before the advent of electronic 
analog computers. the chemical engi- 
neer designed the processes on the 
hasis of steady-state calculations. 
However. chemical processes seldom 
remain quiescent. They are usually 
through the 
little 


! equ ! ! ed. The 


passing up or down 
steady-state point: 


control would) be 


otherwise 


analog computer now provides the 
chemical enginect with the tools 
necessary to observe the operation of 
the process being studied under its 
\Mon- 
santo computer will be used both 
to simulate the chemical kKineties of 
the processes and to solve the equa 


normal conditions. Thus the 


tions which completely deseribe pro 


posed plants. 


Miller on Simulation of 
Paper Mills 


Dave Miller told) about his) com- 
pany (Colorado Research. a subsidi- 
ary of Carrier Corporation | and. its 
entry into the process control field. 
\t present they are concentrating on 
control and simulation of paper 
mills. The paper mill is a continuous 
process which has as input a homoe- 
geneous mixture of broken-down cel- 
lulose (ground-up dogs) and= water. 
This mixture. called white water. 
flows onto a mesh screen where a 
portion of the material sticks to the 
mesh and the remaining white water 
drops through and is re-entered: into 
the process. Next the screen carries 
the soft material to a system of rollers 
and drivers where all the moisture ds 
removed and the paper is pressed to 
the proper thickness. The final work 
prior to rolling up the finished stock 
is a set of steam-heated calendars 
where the finish is applied to) the 
paper. 

The paper moves through the mill 
at speeds up to one-half mile a min- 
ute. so it obviously must be carefully 
controlled to prevent. tearing — the 
stock. and to impart the proper thick- 
ness. finish. consistency. ete. Since 
the nature of the process is analog 
rather than digital. it is expedient to 
simulate the elements of the paper 
mill on electronic analog computing 
equipment. 

The elements of electronic analog 
computers may be used for actual 
process control and may also be used 
to process raw data into useful in- 
formation. Dave said that when vari- 
ous transducers (thermocouples, 
pressure gauges. etc.) vield electrical 
outputs which are not a linear fune- 
tion of the measured variable. oper- 
ational amplifiers and function gen- 
erators can be used to linearize the 
outputs. Analog computer compo- 
nents may be used to multiply. take 








roots. generate powers. etc.. to vield 
flow rates and the like in the most 
comprehensible form. Other data re- 
duction applications involve special 
computing circuits required to  re- 
duce beta meter outputs (unit) mass 
of paper) into the coefficients of a 
Fourier series to vield the beta meter 
profiles. 

Frequency response tests can he 
conducted on the paper mill and con- 
ventional analog circuits used to yield 
the auto- and cross-correlation func- 
tions of the process. Present methods 
of doing this are a bit tedious (in 
that 20 to 30 adjustments may be re- 
quired to determine a single correla- 
tion funetion?) but more automatse 
techniques are on the way. 

Summarizing. Dave said that the 
paper-industry engineers are looking 
toward the analog computer for in- 
strumentation. analysis «and compu- 
tation. and control. 

Robert BE. Henderson (Allison Di- 
vision of General Motors) asked 
what kind of a delay generator can 
he used in the simulation of a paper 
null. Dave answered that the use of 
successive first-order lags generated 
with integrators is one approach. 

Wt tlliam b. Field il nion Carbide 
asked whether 
general-purpose equipment is eco- 
nomical to use for simulating a 
known process. Dave indicated that 


Olefins Company) 


general-purpose equipment might be 
more costly than special-purpose. For 
instance. if vou use an integrator for 
each first-order lag. vou will) soon 
run out of amplifiers. In such case. 
special filter circuits might be the 
best approach. 

Charles A, Halijak (Kansas State) 
asked whether. in’ using correlation 
techniques. it is ever found that two 
different processes yield identical 
correlation functions. Dave replied 
that he had not) encountered that 
difficulty. vet. 


Lewis on Simulation of 
Solvent Recovery Process 


Lloyd Lewis (Standard Oil of 
Indiana) was the next. speaker. 
Standard of Indiana’s Research 
Laboratory has a general-purpose 
analog computer consisting of: 

(a) 120 combination sum-integrate 

amplifiers 

120 limiter pairs 

48 sum only amplifiers 

28 servo multipliers 

16 photoformer-type function 
generators 

a l-ampere reference group 

300 coefficient potentiometers 
186 \-uf polystyrene capacitors 


and is currently installing a number 


of pneumatic and electronic control 
instruments which will be tied into 
the general-purpose computer and 


will be approximately equivalent 
an additional: 

(a) 170 amplifiers 

(b) 20 function generators 

(c) multipliers 

To use the analog computer to 
simulate operations of a plant vou 
don't have to write complex differ- 
ential equations and conduct tedious 
frequency response analyses of the 
different elements of the process. The 
equipment can be set up to approxi 
mate the input-output characteristics 
of the plant. element by element. and 
then be adjusted to duplicate the 
characteristics exactly. With such a 
technique it is important not to over- 
linearize the simulation because the 
process must be started from an off- 
line condition and brought up to an 
on-line condition. This requires that 
the process elements operate through 
a wide range of non-linearities which 
must be included if the process is to 
he simulated effectively. 

Llovd illustrated how the analog 
computer is normally used at Stand- 
ard of Indiana by describing the 
steps involved in the design of a 
simple solvent recovery system which 
included a feed pre-heating stage. two 
stages of flash distillation anda 
steam stripping column. Pumps. heat 
exchangers. vessels. and control 
equipment were included in’ the 
simulation. Variable transport lags 
corresponding to pipe lags were sim- 
ulated by using successive first-order 
lags varied by servo-driven  po- 
fentiometers. 

Benefits derived from the simula- 
tion included reduced operating 
costs resulting from the recovery of 
more heat. and improved control 
which resulted when feedback loops 
were added to the heat recovery proc- 
ess. The startup procedure was tested 
on the computer. and stability tests 
provided additional useful operating 
data. Results of the simulation were 
compared with actual tests on the 
completed) process and showed _ re- 
markable agreement. 

Tests which would have been dan- 
perous on the process were conducted 
with safety on the computer. Futher- 
more. some unexpected events oc- 
curred on the computer) which  in- 
dicated the cause of several unex- 
plained upsets which had taken place 
in the plant. 

Llovd said that once the plant 
operator has gained confidence in the 
analog by looking at the records of 
the plant “as built.” he is willing to 
accept the predictions of the simula- 
tion with regard to engineering 
changes proposed.* 


Lewis’ paper is included in the feature 
articles in this issue. Ed. 
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Iljred T. Bogen, Jr. (Chemstrand 
Corporation) asked about improved 
operation of Standard’s plant through 
using the analog computer. To illus- 
trate. Llovd said that the flow con- 
trol valve can now be spun full open, 
which would have been suicide be- 
fore better control resulted) in’ such 
improved plant) start-up. They also 
found that the hot bottoms from one 
of the columns actually caused boil- 
ing in a heat exchanger. This caused 
high velocities (several hundred feet 
per second) in one of the lines to an 
evaporator. They didnt believe the 
computer results so they made tem- 
perature measurements on the plant. 
These confirmed the simulation and 
led to improved safety measures. 

Ewell A. Clarke ‘(Humble Oil & 
Refining Company) noted that) ap- 
parently the complete plant was sim- 
ulated. including the actual “hold- 
ups” in the columns. He questioned 
this. since it uses a lot of equipment. 
Llovd replied that it is not advisable 
to eliminate the hold-up. because of 
the multiple feedback loops. And to 
perturbate the process over only a 
small range from a fixed operating 
point would be unrealistic because 
most of their plants operate above 
their designed capacity. 

W. Ovide Webber (Humble Oil & 
Refining Co.) wondered whether it 
was possible to simulate more com- 
plicated heat-exchangers. Lloyd 
answered that) very complex ones 
have been studied. They were de- 
scribed by difference equations and 
tied up the whole computer, 

Henry J. Morris (Monsanto) asked 
how they determined the time delay 
of a heat exchanger. Lloyd said the 
total heat capacity of the iron and 
liquid in the exchanger can be caleu- 
lated in BTUs per degree change in 
temperature. The inputs are meas- 
ured in units of BTUs per second 
per degree. Dividing one by another 
results in a time in seconds which is 
pretty close to the exchanger time de- 
lav. If the lags are simulated by a 
set of successive first-order lags. the 
lag per stage is equal to the time 
delay divided by the number of 


stages. 


Lauher on Simulation of 
a Process Reactor 


Verlin’ Lauher (Monsanto) next 
described work Monsanto has done 
on a- combination continuous-flow 
stirred-pot reactor, and the attendant 
control system. Studies of the reactor 
stability (both steady-state and tran- 
sient response) have been worked 
out’ in considerable detail. and 
studies of the servo mechanisms 
have been developed to a high de- 
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gree. They felt that much could be 
gained by studying areas in 
combination. so a set of simultaneous 
differential equations was developed 
to describe the reactor with coil and 
jacket cooling. Frequency -response 
data were obtained for the mixing 
and also for the 
reacting case at the same temper- 
ature. For a deviation of temperature 
of ~10°C around a base temper- 
ature of 30°C. the seemed 
linear. Optimum temperature 
troller settings for all three modes of 
(proportional. reset. and 


these 


case (no reaction) 


process 


cot 


operation 
rate) were determined for the simple 
mixing case. An interesting result 
in no case was derivative control able 
to increase the stability of the system. 
In some cases it actually reduced 
effectiveness of the control. 

Asked by Ovide W ehher if he had 
considered inverse derivative. Verlin 
said no. 

Dr. Lewis observed that dead time 
in a system thought of as 
equivalent to a very-high-order lag. 
All the addition of derivative contro! 
order hy 


can be 


does is reduce the one. 
which doesn't help much. 

William M. Borman (Armour Re- 
search Foundation! noted that) the 


controller set: points were calculated 
by allowing a certain) number of 
oscillations for the system to damp 
out. and asked if the sensitivity of the 
<sstem would be affected marked|s 
if the number were increased by one. 

Verlin answered that it would not. 


Madigan on Analysis of 
a Pyrolysis Process 


James F. Madigan iB. F. 
rich Co.) was the next speaker. The 
group that Jim works with is inter- 
in the development of 
chemical processes. and Jim is  spe- 
cifically interested in The 
equations used in an analog-computet 
investigation of the 
pyrolysis of material in a tubular re- 
actor were developed by David Millet 
when he the Berkeley 
putation Center. A’ pilot plant) was 
in operation, so results could be 
checked. but as. it undesirable 
to disturb the pilot plant the simula- 
tion was adjusted to match it at 


Good- 


ested new 


design. 


continuous 


was at Com- 


Was 


several operating levels and then used 
to explore extreme conditions. 

In the process heat is transferred 
into the tube at a varving rate. and 
the reaction at any point proceeds at 
a rate dependent on the temperature 
and composition at that point. Dur- 
ing the study tube diameter. rate of 
Vol 
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flow. and furnace temperature were 
kept constant. To simulate the re- 
actor under these conditions. thirteen 
amplifiers, multipliers. four 
function generators, and eleven po- 
tentiometers were used, Tube length 
was represented by time in the com- 
puter. The object of the study was 
to predict the reactor length which 
would result in a 97°) conversion 
under various operating conditions. 
After the computer was matched to 
the pilot plant at several points and 
sufficient correlation achieved. 
96 experimental runs were simulated 
and the conversion and temperature 
profiles were recorded. By extending 
the study a true optimum design (in 
terms of equipment cost. feed con- 
version. and vield of desired and by- 
product) could be determined. 


seven 


Was 


Clymer on Computer Data 
Preparation By Implicit 
Synthesis 

Ben Clymer iNorth American 
Aviation. Ine.. Columbus. Ohio) 
spoke next on the broad concept of 
preparing data for the computer 
based on physical system tests. Bas- 
ically. system synthesis by dynamic 
implicit: computation is a method 
which will vield constants and fune- 
tions in sets of differential equation~ 
which cannot be determined theoreti- 
cally. This method appears to have 
tremendous potential in the process 
industry and other fields) where 
physical systems are in operation but 
are not fully described in mathemati- 
cal form. The outlined in 
Ben's paper apply equally well to op- 
erational-amplifier analog. passive- 
element analog. digital differential 
analyzer. and general-purpose digi- 


methods 


tal computers. 

Implicit synthesis consists of the 
use of an implicit circuit tice. “fore- 
ing circuit! to determine and dis- 
play one or more of the desired char- 
acteristics in the differential equa- 
tions for a system. given the rest of 
the terms in the differential equa- 
tions. as well as the dynamic response 
of the system to some arbitrary ex- 
citations which exercise the depend- 
ent variables over their full ranges. 
The implicit circuit) contains a 
mechanization of a differential equa- 
tion which is complete except for the 
unknown characteristics. The missing 
characteristics are synthesized by the 
implic it circuit by continuously com- 
paring the values generated for de- 
pendent variables with the experi- 
mental time histories of the depend- 





ent variables. and greatly amplify- 
ing the differences.” 

Implicit synthesis is thus a distinet 
mode of application of computers. It 
differs from the usual mode of ap- 
plication, in which the differential 
equations and the excitation are 
known and the solution (the value 
of the dependent variable as a fune- 
tion of the independent variable) 
is desired. Ry contrast, in’ implicit 
svnthesis the solution and the excita: 
tion are known but one or more un- 
known characteristics of the differ- 
ential equations must be determined. 

Much more common than implicit 
synthesis as a technique at present 
is manual trial-and-error setting of 
the implicit 
analog circuit in order to match by 
eve oor by minimum-error. criterion 
a given time history of a dependent 
variable. Implicit synthesis is superi- 
to. CE) greater speed, (2) 


potentiometers in an 


ol due 
(3) elimination of several 
possible mistakes by re- 
moving the human operator from the 


less error, 


eauses of 


loop. 

Ben showed examples of implicit 
svnthesis on first) and second-order 
differential equations. and a chemi- 
eal kinetics problem using an ele« 
tronic analog computer, He also de- 
scribed the application for an TBM 
TOF digital computer. Stability. noise. 
accuracy. transients. scaling. and 
other pitfalls and limitations were 
discussed. Alf in all. this was a highly 
interesting paper and supplied food 
for thought in expanding the applica- 
tions and uses of computers. In sum- 
mary. it might be said that computers 
have usually been used to determine 
the answer when the 
scribed: now implicit: computation 
may pave the way for determining 
the the 


known. 


s\stem is) de- 


system when answers are 


The Monsanto Facility 


Following Ben's talk the Monsanto 
analog computer tunder the direc: 
tion of Dr. T. J. Williams) 
hibited. and three sample problems 
were demonstrated by Ollie Sullivan 
i Blectronic Associates Ine. Dallas. 
Texas). The computer consists of the 
following equipment: 


Was @NX- 


3 control consoles 
116 operational amplifiers 
23 servo multiplier/ 
function generators 
240 potentiometers 
3 strip chart records 
3 X-Y plotters 


*In other words, this is a feedback system 
in which the difference between — the 
simulated) and measured outputs is used 
to adjust the value of the unknown ex- 
ponent to drive the difference toward 
zero. Ed. 





The first) problem demonstrated 
on the computer was the simulation 
of product conversion in a tubular 
reactor where tube length (time on 
the computer) was the independent 
variable. This was similar to” the 
example discussed in Jim Madigan’s 
paper. 

The second problem = involved a 
compressor model with gas pressure 
inside the cylinder as a function of 
the volume. gas constant. discharge 
pressure. and suction pressure. The 
PV diagram was displayed on an 
\-Y plotter. 

The third was a_linear-program- 
ming problem which concerned the 
blending of two grades of material 
being confined to yield a product 
having certain specifications. The 
computer was programmed to deter- 
mine the proportion of each material 
<0 that specifications could be met at 
minimum cost. These proportions 
were displayed on an \-Y_ plotter, 
and it was interesting to observe the 
computer output) as the minimum 
cost condition was sought. 





Information = 


(Without theory) 





We have a letter from the | 
of Technical Information (3% 
ringdon Street. London. b.C.4 


Jureau 
> Far- 
. Eng- 
land) which says in. part: 


“We have decided to issue a 
monthly bulletin 
on computers. Lota Services Lim- 
ited. with its highly specialized 
staff. regularly scanning and ab- 
stracting the world’s technical lit- 
erature. is particularly well qual- 
ified to undertake this work. 

“The Bulletin. published on 
the first of each month. will pro- 
vide the only record 
available of everything published 
in this country and overseas on 
computers. fully annotated with 
all bibliographical details. Books. 
films, patents, 


bibliographical 


complete 


articles. technical 
meetings will all be covered. in 
addition to reports. exhibitions 
and all trade [terature. 

“In scope the Bulletin will deal 
generally with design. analogue. 
digital. and converters. Specifi- 
cally every application of com- 
puters will receive detailed cover- 
age: aeronautical. business. elec- 
trical power. machine tool control. 
nuclear. production and process 
control. rolling mills. transport 
and miscellaneous.” 

Price of a year’s subscription is 
LO. 6s. 





Computer Events 





AIEE—Committee on Computing 
Devices 
Date: Monday 
1958 
California Institute of Tech- 
nology, Pasadena. Calif. 


morning, 9 May 


Place: 


Western Simulation Council and 

DDA Council 

Date: 5 Mav 1958. 1:30 PM 

Place: California Institute of Tech- 
nology. Pasadena. Calif. 
Pasadena. Calif. 

Subject: “Problems Unique to Com- 
puters of a Kind” 
The meeting will be un- 
classified. Further informa- 
tion from Stan Rogers. Cy- 
press 6-661]. Ext. 1657, 
San Diego. 


Western Joint Computer Con- 
ference 
Dates: 
Place: 


6-9 May 1958 
Ambassador Hotel. Los 
Angeles. California 
Subject: “Contrasts in’ Computers” 
Sponsored by IRE. ACM. 


and AIRE. 


Midwestern Simulation Council 

Date: 9 June 1958 

Place: = North American Aviation 
4300 East Fifth Avenue 
Columbus. Ohio 

Subject: “Cute Tricks in Simulation” 
For further information 
check with Jerome D. 
Kennedy. Secretary of the 
Midwestern Simulation 
Council. ¢ o Eleetronic As- 
sociates. Inc... LOL South 
Pine St... Mount Prospect. 
IHinois. 


Computer Clinics, Fourth 
International Automation 
Exposition 

June 10-13 1958 
Coliseum. New York 


Dates: 
Place: 
90-minute lecture—-demon- 
strations on various ana- 
log. digital. DDA. and 
symbolic logic techniques. 
For info write Rimbach 
associates. 845 Ridge Ave.. 
Pittsburgh 12. Pa.. or see 
page 614. 


Subjects: 


April 1958 


Association for Computing 
Machinery—Annual Meeting 
Dates: 11-13 June 1958 

Place: University of Illinois. Ur- 


bana. Ill. 


Denver Research Institute 
24-25 July 1958 


University of Denver, Den- 


Dates: 

Place: 
ver. Colorado 

Subject: Fifth Annual Symposium 
on Computers and Data 


» —— ; 
Processing 


The symposium will empha- 
size Formalized Analvsis 
Techniques, Systems Or- 
ganization. Logical Design 
Techniques, Automatic Pro- 
gramming. Components and 
Devices, Digital Communi- 
cations. 

For more info write C. A. 
Hedberg. Head of the Elec- 
tronics Division, Denver 
Research Institute. Denver. 
10. Colorado. 


Association Internationale pour 
le Calcul Analogique 


Dates: 1-9 September 1958 


Place: — Strasbourg. France 

Subject: “Journées Internationales 
de Calcul Analogique™ 
An exhibit of analog equip- 
ment will open 30 August 
and continue until 10 Sep- 
tember. Because of the in- 
creasing interest in the 
combination of analog and 
digital techniques, a section 
of the “Journées” will be 
devoted to this subject. For 
further information write 
Monsieur F. H. Raymond. 
138 Boulevard de Verdun. 
Courbevoie (Seine}. 
France. 


1958 National Simulation 
Conference 


23-25 October 1958 


Dallas. Texas 


Dates: 

Place: 
The conference will be spon- 
sored by the IRE Pro- 
fessional Group on Elec- 
tronic Computers and_ the 
Dallas Section of the IRE. 
For further info write Louis 
B. Wadel at 3905 Centenary 
Drive. Dallas 25, Texas. 
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Sie sind herzlich eingeladen, den 4. inter- 
nationalen Automation-Kongress und die damit 
verbundene Ausstellung vom 9. bis 13. Juni 
1958 in New York zu besuchen. 


Vous é6tes cordialement invité a visiter la Quatrieme 
Exposition Internationale de l'Automation et a participer 
au Congrés qui auront lieu 4 New York, du 9 au 13 Juin 1958. 


> 
a 








oe 


HE Qe eS 6 








Wij hebben het genoegen U uit te nodigen tot 
een bezoek aan het Vierde Internationale 
Automatie Congres en aan de tentoonstelling 
in New York, van 9 tot 13 juni, 1958 


Temos o praser de convidar V. Exa. a visitar o Quarto 
Congresso e Exposicaéo Internacional de Automatisacao, em Nova York, 


de 9 a 13 de Junho, 1958. 


Invitamos a usted cordialmente a visitar el IV 
Congreso y Exposicion Internacional sobre 
Automatismo que tendrd luear en Nueva York los 
dfas 9 a 13 de Junio de 1958. 




















La S.V. & cordialmente invitata 
a visita la Quarta Esposizione Internazionale 
di Aitomazione che avra luogo in New York dal 
9 al 13 giugno 1958. 


Ni 4r hjdartligt valkommen att besika den Fjdrde Inter- 
nationella Kongressen och Utstallnjngen om Automation 
i New York den 9-13 juni 1958. 


Pyydimms ystavéllisesti Teita tutustumaan 
Neljinteen Kansainv&iliseen Automatisointi- 
kongressiin ja sen yhteydessé jarjestettaévian 
nfiyttelyyn New Yorkissa 9.6,-13.6.1958, 


De indbydes venligst til at besege den fjerde internationale 








BW NG, Wt 
Doha pagan oR 

















Automation Kongres og Udstilling i New York den 9-13 juni 1958, 





SREY 


Las npooxadotpev Eynapd luc |, OWS EnLonepoite t6 4ov 
AveSvés Zuvédprov ual thy “ExSeorv AUtoOpatropod tis 
Néas ‘Yépuns ts 9 - 13 "Lovuvlov 1958 . 








9-13 Haziran 1958 tarihlerinde New York’ta toplanacak olan 
Milletlerarasi 4’ncii Otomasyon Kongre ve Sergisini ziyarete 


tegrifiniz rica olunur. 








°rdeéné Vas zveme na étvrty mezindrodni kongres 
a vystavu automatisace v Novém Yorku, 9.-13. ¢ervna 1958. 








Uprzejmie zapraszamy na IV Miedzynarodowy 
Kongres i Wystawe Automatyzacji w Nowym Jorku w 
dniach od 9 do 13 czerwea, 1958 r. 


TISZTELETTEL MEGHIVJUK UNT, HOGY LATOGASSON EL 
AZ 1958 JUNIUS 9 ES 13 KUZOrTT, NEW YORKBAN REN- Srdacno se pozivate da posetite Cotvrts Medjunarodni 


DEZENDO NEGYEDIK NEMZETKOUZI AUTOMATIZALASI KONG- | kongres & izlozbu automatizacije koji ce se odrzati 
RESSZUSRA &S KIALLITASRA: u New York-u od 9-13 juna 1958 godine. 


: | SSS SS RSs NOR 
% 














Sunteti cilduros invitati s4 vizitati cel de al | 721893°3m 07231p? ATa y27oTAy OFT3IIND 133A 


IV-lea Congres International de automatie si IDI? WRK YODIDAK JID7D NIWI"NID P¥72IN 
Expozitia ce va avea loc in New York fntre 9-13 "1958 »31°92 13 — 9a pry 1733 


iunie,1958 

















BH mm6e3HO mpurmamaerecb noceruth 4-4 MemzyHapoy- TRANSLATION 


Hut Kourpecc m BHOTABKY MO ABTOMATMKe, KOTOpHe COCTOAT-| el 7 
‘You are cordially invited to visit 


the Fourth International Automa- 


ST Ser sree? Te tion Congress and Exposition, New 
ac Sakai ,AR 13 SH amar ~~ York, June 9-13, 1958." 


cali SS aes, wei aw aii: See insert opposite, and also page 
S 614 for show and meetings details. 
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This is THE FOURTH INTERNATIONAL 


oo EXPOSITION AUTOMATION 
and badge MANAGEMENT EXPOSITION an 


invites you to attend the 


DO NOT MAIL Show of the Future” 


Designed to give a concentrated picture 
of the potentialities, techniques, and 
equipment available, the Fourth Interna- 


SHOW HOURS tional Automation Exposition and Con- 


2 to 9 PA, Mendip eeuch gress will encompass all the elements of |, L Lb. corissum 
Thursday, June 9-12, 1958 decision, product, and technique for ap- 


plication in industry, defense and re- 
2 to 6 PM, Friday, June 13 search. JUNE 9 - 13, 1958 


See instructions reverse side 


EXPOSITION CAPITAL OF THE WORLD 


YOUR INVITATION TO... 


THE SHOW Displays will feature automatic control systems, digital and analog 
computers, automatic inspection and testing devices, communication 
systems, feeding and work positioning mechanisms, machine controls, 
and electronic, electrical, mechanical and electromechanical compo- 


nents, 


EXHIBITOR CLINICS Clinics sessions will comprise 1!4-hour classes held in front of operat- 
ing equipments. Only limited attendance is possible at each class. 
Advance registration will secure those classes desired by any individ- 
ual. Fee is $1 per class; registrant must select 2, 4, 6, or 8 classes. Two 
are given each day. See other side this sheet for registration form and 
list of exhibitors planning clinic sessions. More will be added. 


TECHNICAL SESSIONS Especially designed for engineers and executives responsible for auto- 
mation, each session will include from two to four papers presented 


by authorities in each field. See list of sessions and registration form 
other side of this sheet. Fee per session is $1.00. 


COOPERATING The ASME Materials Handling Division has scheduled four sessions 
SOCIETY whose theme will be “Materials Handling as a Key to Industrial Auto- 
mation.” They include: Automatic Warehousing; Automatic Mate- 

rials Handling Systems in Small Plants and Warehouses; Automation 

on the Production Line; Systems Engineering, Economy and Justifi- 

cations. Fee for the 4 sessions is $2 for ASME members; $5 for non- 


members. See other side this sheet. 


CONFERENCES Special Executive Conferences lasting two days—four sessions each, 
include: Human Factors in Systems Engineering (cosponsored by 
Manhattan College); and Plant Layout for Automation (cosponsored 
by Plant Layout Technical Workshop of Oakmont, Pa.). Fee for each 
Conference is $75.00 Accommodations are limited; early reservation 
is advised. For details write to Richard Rimbach Associates, 845 Ridge 


Ave., Pittsburgh 12, Pa. 








Use TYPEWRITER or print LEGIBLY. Fill in card and stub COMPLETELY, 
and bring it with you to the Registration Desk at the Coliseum, | Columbus 
Circle, New York City. DO NOT MAIL THIS CARD. 


This card for SHOW admittance only, NOT for Clinics or Conferences. 
Hours—2 to 9, Monday thru Thursday; 2 to 6 Friday; June 9 to 13, 1958 
Your Name 

Title 


Company Name 
Co. Address (STREET) 


‘“HOV13I0 LON OG ‘4jq:6a) yursd 4o YIIYMIAdAL 49S9 


Rapid Data 


ee Zone State 
Company's Business 
or Product _...... 
No other registration is required. For additional FREE tickets, write to 
Richard Rimbach Associates, 845 Ridge Ave., Pittsburgh 12, Pa. 
EXHIBITOR CLINIC CLASSES 17. Precision Electromechanical Components 
and Servos 
| Digital Computer Principles and Ap- 1h: Conntenl Seuve Sevions 
plications 
; a : 19. Selecti icati 
2. Logical Design and Digital Techniques og and Application of Pressure 
3. The Analog Computer in Control Sys- 
hat i 20. Photographic Techniques for Automation 
4. Compu-Tronics—A new technique 21. Office Recording Techniques 
5. Digital Computer Techniques & Practice 22. ene Tools for 
nalysis 
6. Electromechanical Computer Elements 
= : 4 23. Air & Gas Moisture Control 
7. Principles and Applications of all types 


On-off Level & Flow Controllers 


; Systems 
8. Process Scanning—Logging Techniques — 
; 25. Digital and Symbolic 
9. Flow Measurement and Contro! with haa 


Turbine Flowmeters 


24. Automatic Machine Tools & Measuring 


Logic—Logic 


26. Computer Control of .Oil Refineries & 


10. Optimal Control of Chemical Processes 
Load and Strain 


Chemical Processing Plants 


11. Weight, Control in 27. Automatic Test Control & Data Re- 
Industry duction 
12. Selective Data Printers 28. Profit Improvement via Automatic On- 


13. Precision Dimensional Measurement and Line Process Control 


Control 29 
14. Plant Economics with Operations Re- 
corders 30. "Work Center 


Automation 


System" 
15. Potentiometer Recorders 


16. Gas Analysis by Thermal Conductivity 3 


. Speed Control 


MAIL THIS COUPON FOR ADVANCE REGISTRATION 


Richard Rimbach Associates, Mgmt. FIAE 
845 Ridge Ave., Pittsburgh 12, Penna. 


Please expedite my registration. 


. Name 

My Clinic preferences: Technical Sessions: 

(Circle Clinic Number) (Circle Session Letter) Title 

} @F of oe ce--<6 A 2 c D 

7 28° 79 0 As ae E FOG 4 

13 14 15 16 17 18 Se Company 
19 20 21 22 23 24 
25 26 27 28 29 30 Address 


3! 32 33 34 

Number of classes desired 
2 4 6 8 
Cc} £3. °ts 


Materials Handling: [~ 
Fee: ASME Members $2. 
Non-Members $5. 


Approach 


Nature of Business 


. Test Time Savings with Closed Loop 
Control & Data Reduction at Test Site 


to 


aw en 


Auedu 


ey4S 


UOIFISOdx, UoIyOWOyNY [DUOIZOUII4ZU] Usp 


32. Structural Parts for Printed Circuitry 
33. High-Speed Analog Computers 
34, Punched-Card Sensing 


TECHNICAL SESSIONS 


roa m Oo oO... > 


eS — 


. Data Acquisition and Reduction 
. Automatic Weighing 

. Medical Instrumentation 

. Automatic Control Valves 

. Military Electronics and Controls 
. Importance of Measurements 

. Product Design for Automation 


. Education for Automation 


Manufacturing and Automation 


. Contribution of Cybernetics to Auto- 


mation 


MATERIALS HANDLING 


Automatic Warehousing; Automatic Mate- 


rials Handling Systems in Small Plants and 
Warehouses; Automation on the Production 


Line; 


Systems Engineering, Economy and 


Justifications. 


CLINIC FEE—$I per class 
TECHNICAL SESSIONS—$I per session 











Continuous, dependable automatic control... 


with the 
DAYSTROM-WESTON 


CORDER-CONTROLLER a: 


DAYSTROM-WESTON'S basic potentiometer instrument 
design is supplemented by an exclusive control mechanism in 
the recorder-controller version. By using a minimum of parts 
—and keeping them compact, yet easily accessible—the advan- 
tagesof DAYSTROM-WESTON UNITIZATION are brought 
to this controlling instrument. The results: an extra dividend 
in reliability and simple efficiency . . . in the most compact 
recorder-controller offering guaranteed %% accuracy. 
Control settings are quickly and accurately made. Main- 
tenance is simplified by the integration and interchange- 
ability of key parts. And the control circuit offers unequalled 
sensitivity and dependability. Live circuits are NEVER 
BROKEN ... they are ALWAYS MADE! The circular track 
contacts—with patented tumbler switch and gap design—per- 


id 


fwestTon= =] 


features 
relays that : 


nents —in- Daystrom-Weston 

Potentiometer Recorders — in 
the simplest, most serviceable, 
most efficient manner. 


mit response adjustments down to zero differential. A single 
screw makes the change. Proportioning control—as well as 
on-off control—is available in the standard instrument. 

You see at left, details of the unitized control panel... in- 
cluding the exclusive contact-switching unit. In most other 
respects, this instrument is identical in construction, and of- 
fers the same advanced performance and maintenance fea- 
tures as the DAYSTROM-WESTON SINGLE-POINT and 
MULTI-POINT RECORDING POTENTIOMETERS. 

For full information on any of these instruments, call your 
local WESTON Representative, or write to WESTON Instru- 
ments, Division of Daystrom, Inc., Newark 12, N. J. In Can- 
ada: Daystrom Ltd., 840 Caledonia Rd., Toronto 10, Ont. 
Export: Daystrom Int’l., 100 Empire St., Newark 12, N. J. 


DAYSTROM-WESTON 


A DAYSTROM UNIT 


— udadleial ~ Mees UtCHL. 


For more information circle 45 on inquiry card. 








Page 660 





DUOMATIC 










CAST TEMPERATURE 
{RON REGULATOR 
REDUCING 


VALVE 





... another 


DIFFERENTIAL 
PRESSURE» 
REGULATOR 


CYLINDER wiPING 
LINER — epGe LINER 
OF SEAL WALL 







SOLENOID 
OPERATED 
SHUT-OFF 
VALVE 

















Magnified section of cutaway cylinder liner and 
piston seal demonstrates self-cleaning action at 
point of contact between seal and liner. Liner 
wall is swept clean of contamination deposits. 


LESLIE Quality First! 


REGULATORS WITH SELF-CLEANING PISTONS 


...at no extra cost 


Now it can be told! After 3 years of exhaustive field 
tests and over 5,000 installations, Leslie announces the 
standardization of exclusive self-cleaning, pressure sealing 
pistons for reducing valves, temperature and pressure 
regulators in 1 to 6” sizes — another Leslie FIRST! 

Continuous Wiping Action 

The continuous “wiper” action of the new piston’s 
seal keeps the cylinder liner clean, improves reliability, 
reduces maintenance. 

The molded self-lubricating piston seal has already 
proved itself in high temperature service up to 500°F. 
Reduces Wear and Sticking 

The resilient cushion between the piston and cylinder 
liner reduces wear and eliminates “freezing” or sticking 
of these parts. The self-lubrication and pressure-sealing 
of the new piston insures smooth, dependable operation 
even in the toughest applications and where long standby 
periods are a problem with ordinary regulators. 


Fully Interchangeable in Field 
You can have this desirable new Leslie FIRST in any 
piston-operated Leslie regulator now in steam service for 
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all temperatures up to 500°F. A quick conversion kit is 
available and your present Leslie Regulator can have the 
new seal added in a matter of minutes. 


More Information 


More data is available —send for these aids without 
obligation. 


Data Sheet RV-51C — Instructions for converting 
your present Leslie Regulator 
to self-cleaning piston type 

— Reducing Valves and Pressure 
Regulators 

— Temperature Regulators 


Bulletin 5302-B 


Bulletin 5307-A 


Or ask to see a demonstration model of the new pressure 
seal piston. 


REGULATORS and CONTROLLERS 


LESLIE CO., 299 Grant Avenue, Lyndhurst, New Jersey 
46 on inguiry 











ournal of the SC MA... 





SOUTHERN CALIFORNIA METER ASSOCIATION 


President: Richmond M. Voils, Jr. Auditor: John M. Quirk — : 
Vice-President: F’.. Ed Funke Program Chairman: Martin E. Kantor 
Secretary-Treasurer: Glen C. Wilson, 10219 Orange Ave., South Gate, California 


ELIMINATING NOISE AT 
GAS METER STATIONS 


R. C. LISK 


Fisher Governor Company 


Identification and elimination of noise-produc- 
ing vibration at pipeline terminals pays off in 
longer life for equipment, improved employ- 
ee performance, and better public relations. 


ATURAL GAS. as it comes from the well. is other energy dissipation occurs, The process sounds 
usually dripping with related hydrocarbons such wasteful. but the ratio of energy consumed to energy 
as propane, butane, etc, Gasoline plants close to the transported is not large. 
point of production can recover the valuable natural- 
gas liquid byproducts while preparing the natural gas Metering 
for market. 


; From well-head to burner tip, natural gas is usually 
Gas often appears at the wellhead at considerable 


measured three or more times—(1) when the pro- 


ressures-—-sometimes sever: s si. Suc ~s- 3 ail 4 
pressures-—-sometimes several thousand psi. Such pre ducer sells it to the transmission company, (2) when 


. > ce ‘ “@ » = rese ir nerey, & e e e . e . 
sures represent a tremendou: eee of he re) * ad the transmission company sells it to the distributing 
fortunately, about the only use which can be made of company, and (3) when the distributing company sells 
it to the ultimate consumer. 


Gas is commonly measured by either positive dis- 


this energy is to move the material from the wells to 

the gasoline plant. The greater part must be dissipated: ” 
to reduce pressures to a level which can he tolerated placement meters or orifice meters: the orifice meters 
by the containers and processes of the gasoline plant. at the transmission terminals (located usually at the 
Once cleaned and dehydrated, the gas is delivered town border stations) are our primary cums: eae 
to the transmission lines at pressures too low for eco- 


. pe flow through the orifices is variable and determined 
nomical transportation. In order to keep pipelines with- 


; i ; 8 ; : by the homes and industries connected to the distri- 
in a practical size and yet carry the billions of cubic 


bution system. At such stations the variable transmis- 
feet necessary. the pressure must be boosted back up. 


sion pressures (as high as 1000 psi) are reduced to 
a constant metering pressure by the pipeline company 
and then to a still lower pressure as determined by the 


Part of the gas energy is consumed to start it on its 
way. Furthermore, friction in the pipeline takes a toll. 
and booster stations about every 50 miles must via contract between the pipeline company and the dis- 
sume more energy in order to keep the gas moving. tributing company 

— c . 
When the gas arrives at the point of use. it is re- Such town border stations are often close enough 
duced to a fraction of the pipeline pressure and an- to residential sections that any noise from mechanical 





vibration accompanying the pressure reduction ean be 
MAY MEETING: Thursday, the |5th, Rio Hond objectionable. 

Country Club. Fig. L is a schematic showing a high-pressure re- 
FEATURE: To be announced. ducing and metering station. This is a two-stage, two- 
tube station reducing the 300- to 700-psi transmission 
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TABLE 1—COMMON NOISE-FREQUENCY BANDS. 


Frequency CPS 
30-60 
400-1500 
1500-3500 
3000-7000 
20,000-Up 


Description 
Rumble 
Howl 

Hish 
Squeal 
Ultrasonic 


DIFFERENTIAL 
THROW-OVER 


FROM PIPE LINE 


300-700 PSI 





FIRST ORIFICE SECOND 
STAGE METER STAGE 


FIG. |. HIGH-PRESSURE reducing and metering st 


+i5n 
mgr, 


FIG. 2. SCHEMATIC of a noisy 


FIG. 3. TAKING "HISH" OUT of a noisy station by 


eliminating the header. 
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pressure down to a constant 250° psi for metering. 
When the differential across one tube reaches a pre- 
determined maximum, the meter-run valve in the other 
tube opens automatically and parallel measurement 
handles the increased load, After measurement. the 
pressure is reduced to the contract value of. perhaps. 
50 psi before delivery to the gas utility. 

The energy dissipated in such a station can be enor- 
mous. A 6” double-ported regulator, reducing from 
700 psi to 250 psi. has a capacity of some 10,000,000 
cu ft per hour, equivalent to some 500.000 pounds of 
vas per hour. Although a great deal of energy dissipa- 
tion is accounted for in expansion, a great) amount 
also gets side-tracked in impact, absorption, and me- 
chanical vibration of pressure-regulator parts and 
manifold piping. 

These side effects cause noise. and these audio fre- 
quencies are projected to the surrounding air. The re- 
sulting vibration and noise can (1) cause failure of 
the regulator or associated pipe and fittings. (2) 
annoy a community to action against an attractive po- 
litical target. the gas company, and (3) make main- 


tenance and chart changing an unpleasant experience. 


Noise Analysis 
Table | shows the sounds that can result from the 
mechanical vibrations in a pressure regulator mani- 


fold, 


Rumble. the lowest frequency, results from small 
movements of the regulator inner valve not connected 
with the actual job of changing flow rates. 


Howl (400 to 1500 eps) is the result of piping and 
fittings vibrating in response to the high-velocity im- 
pingement of gas. This howl not only contributes to 
the noise spectrum but also promotes fatigue failures 


of welds and materials. 


Hish (1500 to 3500 eps) can be at such a level as to 
call down the wrath of the town council and evoke 
complaints from the service department. This noise is 
usually from abrupt transitions in piping size and in 
expansion chambers. 


Squeal (3,000 to 7.000 cps) appears when one or 
more of the parts in a pressure-reducing station de- 
cides to vibrate at its natural frequency and draw 
energy from the flowing gas to support that activity. 
This can produce a pure tone component of irritating 
magnitude. The offending part can be one of the com- 
ponents of the manifold: in a few cases it is the inner 
valve in the pressure regulator, 


Ultrasonic noise gives the dogs a bad time and may 
have other mischievous results, such as breaking light 
bulbs, loosening tubing connections and flange bolts, 
and beating up stem connections on pressure regula- 


tors, 


Remedies 
The schematic of a large metropolitan border station 
is shown in Fig. 2. Here noise reduction became im- 
perative as the gas through-put was increased. Nearly 
every noise category in the book existed at this loca- 





tion and the manifold quivered as if it might take off 
into outer space. 

An audio meter and frequency analysis isolated a 
distinct rumble. This rumble was traced to nervous 
vertical movements of the regulator inner valves. 
While these movements can be corrected by several 
means (such as suppression by additional air and 
spring loading on the regulator. or reduction of inlet 
mass velocity). the means employed for positive re- 
sults was a liquid dashpot. The elimination of pafa- 
sitic inner-valye movements gave a reduced noise level 
inthe rumble range and a steadier set of pipin; 

The next step was to isolate and evaluate the ime - 
It centered around the large cross-over header, com- 
monly called a “log,” between regulator stages. As 
shown in Fig. 3, the header was removed. The noise 
level dropped from 112 db to 93 db and it became 
possible to stay near the station, Also. heavier pipe was 
installed downstream of the regulators than was re- 
quired for reasons of pressure only. This is important 
in suppression of noise in the “hish” category. 

Long-radius ells will be substituted for the right- 
angle turns. and it is believed that another significant 
reduction in sound level will result. 

While this station was not troubled with 
noise (3000 to TO00 cps). nevertheless this type of 


“squeal” 


high-pitched pure-component noise can be a problem, 
\ good point to investigate is the possibility of inter- 
action between that noise and the resonant frequency 
of the regulator inner valve. 

Fig. 4 shows a regulator inner valve driven by lab- 
oratory equipment at its resonant frequency, with a 
sand pattern indicating the low-amplitude areas. Res- 
onance in this case is quite sharp at 3200 cps. in the 
lower end of the “squeal” range. Results of fatigue in- 
duced by this vibration phenomenon are shown in 
Fig. 5. 

When the sound equipment points to the regulator 
as the likely source of this vibration, the remedy cor- 
rects both the hazard of inner-valve failure and the 
unpleasant, high-pitched squeal. 

A logical approach would be to change the natural 
frequency of the valve to render it insensitive to tran- 
sitory driving forces, In most cases, “beefing” the 
valve up (using a solid casting rather than a bell-like 
unit). and departing from symmetry will accomplish 
wonders. The added mass and non-symmetry of the 
valve shown in Fig. 6 change the natural frequency 
and make it harder to resonate. 


Noise Research 
Although regulators have been vastly improved from 
a noise-suppression standpoint, there still remains the 
important and fruitful job of redesigning the entire 
metering station to achieve minimum noise and vi- 
bration levels. This will require rather extensive and 


expensive research, including building of test stations 


to be operated under controlled conditions, 

When this is done. it will be wise to avoid the con- 
structions shown in Fig. 7. These can be found in the 
conventional high-pressure reduction and metering sta- 
tion, and all cause excessive mass velocities at regula- 
tor inlets, manifold piping vibrations, unstable meter- 


ing. and the undesired “noise.” 





FIG. 5. FAILURE in- 
duced by audio vi- 
bration. 


FIG. 4. RESONANCE SAND 
pattern of a regulator inner 


| 
vaive, 


FIG. 6. INNER VALVE 
design with added mass 
and non-symmetry. 














FIG. 7. CONFIGURATIONS to be avoided. 
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AUTOMATIC 
REMOVAL ~ 


MOISTURE 
VAPOR 
HUMIDITY 


FROM 
COMPRESSED 
AIR 


DRYER 

b Unique in moisture-control, Van- 
Air Dryers do more than trap condensed 
liquids from compressed air lines. They 
remove vapor-humidity to LOW DEW 
POINTS besides eliminating water and 
solid impurities from raw compressor air. 

b Van-Air Dryers eliminate elusive 
trace vapors that condense at line-extremity 
temperatures and cause untold product 
spoilage, instrument failure and operation- 
al down-time. Where air must be of clean, 
dry, instrument quality as in automation, 
product finishing, processing foods, chemi- 
etc., these Dryers are 
AND, they work 
Available 


cals, plastics, 
proving highly efficient 
for pennies instead of dollars. 
in many capacities up to 5000 SCFM and 
pressures up to 3000 psi. Van-Air Dryers 
are used by hundreds of plants from 


coast to coast. 


A ee “ : 
Q When air-line moisture is a problem 


in your plant, Van engineers will be glad 
to help. Write or phone —Erie 
3-5556. Meanwhile, ask for useful hand- 
book, “‘Air, Water and Industry.” 


SEND FOR BROCHURES OF 


Van-Air and Vi-Speed 
PNEUMATIC EQUIPMENT 
SHOWING UNIVERSAL AIR CYLINDERS, 
BENCH-TYPE and DEEP-JAW AUTOVISES 
BENCH and ARBOR PRESSES 
ENGINEERED FOR AUTOMATION BY 


VAN PRODUCTS CO. e MERS. 
5807 SWANVILLE ROAD, ERIE, PA. 
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Panhandle 
Pete 





Introducing the T. L. System 


S all you avid readers know, 
WESCO?!s champion Instru- 
ment Salesman has just sold 


the first System job in the history of 
the company and, to discover the im- 
pact of this juicy piece of business on 
WESCO!. | thought I'd better go see 
Mr. J. L. “Bus” Wallace. Chief En- 
vineer, After all, it is the pleasant 
duty, nay. the responsibility, of Jn- 
struments and Automation to bring 
forth all new developments to the 
trade each month. You readers don’t 
want to remain ignorant. do you. and 
find yourselves in the position one of 
our readers is—-he’s been reading 
ISA magazine for 28 years and now 
understands 25% of it whereas orig- 
inally he understood 75°. (Wonder 
if my writings have had anything to 
do with this?) 

Anvhow I thought I'd get J. L. 
and maybe snoop around the factory 
and see if the bovs are just chopping 
wood—not burning it. So IT drove 
over to his office and managed to 
catch him just as he was leaving for 
the Branch Factory at Long Bottom. 

“My gosh.” he says. “We've really 
sot ourselves in a sweat this time! 
For once we are all set to throw away 
a lot of money and turn our surplus 
into a big. fat. deficit. If it hadn't 
been for that idiotic salesman selling 
a Svstems job——Hell’s fire. we don’t 
even make such a thing yet. And I 
cot a wire from Klapsaddle yesterday 
that this simple salesman has prom- 
ised two week’s delivery.” 

“Stop worrying.” says I. “All we 
need is monev and personnel. Let’s 
call a meeting to see where we will 
get these two minor items.” 

As Bus and [| entered the office, 
we stumbled over the body of our 
Salesmanager, Waldo Klapsaddle, 
lying on the floor. Waldo was operat- 
ing the astounding Model O. J. Com- 
puter with one hand while with the 
other he was printing designs on the 
floor with the bottom of a wet beer 
bottle. 

“Klapsaddle. you're fired!”’ yelled 
Bus. “And...” 

“Now wait a minute, Cuz.” said 
Waldo with a big fat grin. “Every- 
thing is OK now. Why don’t you and 
Cuz set down a spell- Hey Penelope. 
bring these Cuzes a glass of ramp 
juice-—and hear what’s happened?” 

Being overpowered by his logic as 
well as by the smell of ramps, we both 


collapsed on the office sofa. 

“First of all, Cuz, to build this here 
Three-Loop System we have to have 
money, lots of it, see; so who stum- 
bles in here today but that there 
feller we sold all them 


evuvermint 
with orders to 


Unguided Missiles to 
renegotiate our bill for $10,565.264.- 
14. But when he heard we were in the 
Systems Engineering business he said 
we would need every penny of it, and 
he okayed the bill. Then [ says we 
have to have some place big to build 
and develop these systems things and 
this guvermint feller says that there 
is an old zeppelin hangar out at 
Akron. Ohio.” 

“For the hired hands to work on 
this System stuff, ve called up on 
my old almy mammy, The Gilbert 
Hall of Science. and they have guar- 
anteed to have 6 system) engineers 
down here the first of the month, and 
all we have to do is promise them 
fancy titles with low pay.” 

“Where are they going to get all 
these systems engineers?” counters 
Bus. 

“Easy.” savs Waldo. “A systems 
engineer is only a young fella not out 
of college long enough to forget his 
calculus. Each of these boys has been 
viven one MIT book to read; so that 
makes them systems engineers. So 
you see, all our money and personnel 
problems are solved.” 

With all this, Bus’s eyes lit up and 
his lips moved in a silent recital of 
Milton H. Aronson’s definition of 
“Automation.” “Only two things still 
worry me, Klapsaddle: what about 
this purchasing agent who is pester- 
ing you--and do we have a trade- 
mark for our System?” 

“Ah shucks Cuz, them’s easy. Me 
and him got to talking together over 
the phone and we found out his great 
erandfather married my wife’s grand- 
mother’s third cousin and that makes 
me and him kinfolk. He ain't going to 
give us any trouble now.” 

“Trademark? That’s easy too. 
Look at this here floor. See all de- 
signs with three circles hooked to- 
gether? Perfect! The WESCO! 
Three-Loop (T. L.) System. What. 
Cuz, you say a brewery already owns 
that design? We'll just have to buy 
them out. The model T. L. System 
is on the way!” 


Panhandle Pete 








M-S-A (LIRA) Infrared 
Analyzer (Model 200) 


M-S-A Carbon Monoxide 
Analyzer 


oO 


M-S-A Combustible 
Gas Analyzer 


Low-cost deflection type unit for 
automatic, continuous, high 
speed, accurate analysis. De- 
tects one component ina simple 
or complex mixture of gases or 
liquids. Unitized construction 
makes maintenance easy. All 
controls readily accessible on 
front panel. Write for details. 


Single or multipoint cabinets 
designed as alarms or recorders 
available for detecting or 
measuring low concentrations 
of carbon monoxide in air. Meas- 
urements are based upon meas: 
urementofheatof oxidationwhen 
sampleis drawn through granular 
catalyst. Write for details. 


are 


Adaptable for use with any gas 
or vapor of which the explosive 
range, and molecular weight are 
known. Applications extend to 
all industries where combusti- 
ble fluids are employed. Now 
available with remote filament 
heads specifically adapted to 
high temperature applications. 
Write for details. 





M-S-A Gas Thermatron 


M-S-A Oxygen Indicator 


Simultaneously uses thermal 
conduction and thermal convec- 
tion to provide simple, accurate, 
physical measurement of a 
single component in a complex 
mixture of gases without inter- 
ference fromotherconstituents. 
Can be used in many gas mix- 
tures. Write for details. 


For precise, continuous meas- 
urement of oxygen content of 
inert and combustible atmos- 
pheres in chemical, metallur- 
gical and petroleum industries. 
Provides means for improving 
safety of utility operations and 
controlling pipeline corrosion. 
Write for details. 


Detects trace moisture in air or 
gas streams. Operation is based 
on measurement of the heat 
energy exchanged when a gas 
is adsorbed on or desorbed 
from the surface of a solid ad- 
sorbent. Can be calibrated for 
various ranges from O to 10 
parts per million up to several 
percent. Write for details. 


M-S-A Water Vapor Recorder 


This line-up of M-S-A Gas Analyzers can 
help solve your process stream problems 


M-S-A Gas Analyzers have earned a sound reputation 
for on-stream accuracy and dependability while solving 
a myriad of complex control problems. Chances are, 
some of the problems confronting you now have 
already been solved for others, with one of the basic 


units described above. 


For more infor 


The experience and service we can bring into play 
may provide the breakthrough you're looking for in 
successful process stream control. Our thirty years in 
the business of gas analysis instrumentation are worthy of 
your consideration. Get in touch with an MSA Instru- 


ment Specialist for details, or write for helpful literature. 


INSTRUMENT DIVISION 


MINE SAFETY APPLIANCES COMPANY 


Pittsburgh 8, Pennsylvania 


At your service: 76 Branch Offices in the United States 
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THERMAL 


GOI) MAC CONDUCTIVITY 
GAS ANALYZERS 


_fyp GAS PURITY, GAS MIXING 
AND PROCESS CONTROL OF 


Argon Ortho-Para 
Carbon Dioxide Hydrogen 
Deuterium High Energy 
Ethylene Oxide Fuels 
Freon Nitrogen 
(Genetron) Oxygen 
Helium Special 
Hydrogen Atmospheres 
— And Many Others 
Other Gow-Mac Analyzers include: 


GAS BLENDER — For quality con- 
troi, oxygen or hydrogen burn-out 
and uniform quality of cylinder 
mixes and cascades. 

“GAS MASTER" — For closely linked 
laboratory systems. Has all compo- 
nents in a single package. 

GAS CHROMATOGRAPHY CELLS = 
Hot Wire and Thermistor Types 

ON STREAM T/C CELLS — 

Hot Wire and Thermistor Types 
NEW CATALOG AVAILABLE — 

Call or write for Bulletin TC TH-12-57 


PRESSURE SWITCH 


NEW or THe 0.E.M. 


This stripped switch is designed specifically for the Original 
Equipment Manufacturers who enclose the various controls 
in a common cabinet. This new pressure and vacuum switch 
model 402, incorporates the same dependable accuracy and 
other operating features of the proven housed model 420. 


Cost and price have been cut by eliminating the housing. 


Please address inquiries 
to Dept. IA 


GOW-MAC INSTRUMENT CO. 
100 Kings Road, Madison, N.J. 
Telephone: FRontier 7-3450 


Se ’ a 


HERE'S THE SIMPLEST DIAPHRAGM PRESSURE SWITCH Visit Booth 102—Natl. ACS Meeting, San Francisco, Colif.—April 13 to 18 
For rf ‘ r ecle 50 r y { 


WE DON’T USE 


WE BUILD IN 
EXTREME ACCURACY 
and DEPENDABILITY 


maintained during entire 





ELIMINATES PARALLAX 
avoiding all optical 
reading errors 


THIS 


VAST IMPROVEMENT 
OVER CONVENTIONAL 
HEIGHT GAGES OFFERS 

A NEW CONCEPT IN THE 
MAKING OF ACCURATE 
MEASUREMENTS 


The radically 


NEW = 
oe bakes FUMICG 


VERNIER 
HEIGHT GAGE 


Saves Time 
and Labor! 


LINKAGE and BEARINGS 
because wear UPRIGHT 


COLUMN 


BEAM 
DESIGN 
for 
SUPERIOR 
STRENGTH 
and RIGIDITY 
PREVENTING 
SWAY and 
VIBRATION 





causes the setting 


of the pressure switch 
QS to drift. 


LIQUID SWITCHING 
ELEMENTS 


operating life due to 
direct acting design. 


EFFICIENT OPERATION 
IN ANY POSITION 


which saves the installation 
costs encountered in mounting because they make the switch 


a switch using 
liquid switching elements. 


IMMUNITY 
TO VIBRATION 


allowing the switch to be 
mounted directly on any 
vibrating or moving 
equipment. 


difficult to mount and 
very critical to vibration. 


ACCORDION 
BELLOWS 

betause they make 
the pressure switch 
sensitive to vibration. 





Se 


PRESSURE SWITCH 
DIVISION 
5125 ALCOA AVENUE @ 


For more information 


To get complete specifications and 


operating data ask for bulletin 402. 


arksdale valves 


LOS ANGELES 58 @ 


CALIFORNIA 
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RAPID QUICK 4 
ADJUSTMENT 

Scriber clamp~ 
permits firm 
clamping above 
and below jaw 





SIZES AVAILABLE 
18" 24" 36” 48" 
60” 72" 84" 





ASK FOR AND COMPARE 
OUR MODERATE 
PRICES! 


If not available at 
your favorite Supply 
House — Write te us fer 
IMustrated Folder 
Code GIULB 





COMPLETE LINE: OF 


PRECISION 


READING 
ACCURATELY 
with 
NAKED EYE 
from 








SCALE and 


VERNIER from REAR of GAGE 


EASY READING 
2-1/2" LONG VERNIER 


Solves problems of reading fractions 


of 1/1000" quickly 
and accurately 


FINE 
yz ADJUSTMENT 


thru screw on base 
ADDITIONAL FINE 

ADJUSTMENT ON TOP OF 

BEAM ON LARGER GAGES 


INSTRUMENTS 


200-MG LAFAYETTE STREET e NEW YORK 12, N.Y. 
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A giant “squeeze'’’—measured and 


controlled by B-L-H Load Cells 


Despite the tremendous forces unleashed in a rolling 
mill operation, the actual pressure exerted by the 
giant rollers can be measured with high precision by 
built-in B-L-H SR-4° Load Cells. These electronic 
transducers give the operator exact load readings, 
enabling him to roll sheets to just the proper thick- 
ness every time. 


B-L-H transducers will measure any forces involv- 
ing tension, compression, torque, etc. With appro- 
priate instrumentation, they can also determine 
center of gravity, weigh loads at rest or in motion, 
control batch and continuous processes, and record 


all data required. Long-term accuracy is within 
+1,/10°%, repeatability within +1/20%. The type 
and number of applications are virtually unlimited. 
SR-4" Load Cells have capacities ranging from 
50 to 200,000 Ib. Loads on the cells are converted 
to proportional voltage—permit the instruments 
for reading or recording changes to be located at 
any remote point. 

For more information on these precision load cells, 
have us send one of our field men around to see 
you, without obligation. And write to Dept. 7-D 
for a copy of Bulletin 4302. 


BALDWIN :- LIMA: HAMILTON 


Electronics & Instrumentation Division 


Waltham, Mass. 
SR-4® strain gages* TransducerseTesting machines 


Copyright 1958 E & I Div., B-L-H Corp 
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CONTENTS OF THIS DEPARTMENT 
Artuatar ‘ 


Ar er 448 


process analyzers, 


monitors, controllers 





EXPERIMENTING CONTROL 
SYSTEM 


Automex (Automatic Experi- 
menter) is a new kind of master con- 
troller which the 
points of a number of controllers so 
as to optimize the yield of a process, 
just as an experienced human oper- 
ator It can be used either to 
maximize throughput or to minimize 
cost. In any case, it optimizes the 


New 


coordinates set 


does. 


ens. 


specific product most 
interest to a manufacturer. It can 
optimize processes in which the re- 
lation between input and output mea- 
exactly known, as 
when process characteristics are 
changing with time because of un- 
controlled (and often uncontrollable) 
variables, whose existence makes con- 
ventional controllers inadequate and 
renders the complete investigation of 
a process prohibitively expensive. 
Illustration shows one demonstration 
model; production models will prob- 
ably take several different forms. 
New Products Engineering Dep't, 
Westinghouse Electric Corp., Box 
2278, Pittsburgh, Pa.. 

For more information circle 201 


property of 


surables is not 
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RECORDING POTENTIOMETER 


New 5” strip-chart potentiometer 
features plug-in range re- 
sistors; is available with various 


bulb and linear millivolt spans. Wide 


recorde! 


2287 


AUTOMATIZED 


RCE 


READ HEADS 


New Model 1001 Magdelay system 
makes automatized process lines pro- 
duce maximum yields because correc- 
tive action, necessitated by missing 
or defective material sections, is ac- 
complished without stopping the line 
for manual intervention. It allows for 


PRODUCTION LINE INSPECTION AND 


cir 


choice of chart speeds from 1” per 
hour to 2” per second. Optional fea- 
tures include quick-change chart 
drive, retransmitting slidewire, event- 
limit switches. 

McCart St. 


marking pens and 
Westronics Tne., 3605 
Fort Worth, Texas. 


202 


RECORDER FOR LACT UNITS 


New Combination BS&W 
and Temperature Recorder, with both 


Recorder 
recording mechanisms in one case, 
simplifies many pipe-line installa- 
tions where separate temperature and 
BS&W recorders would ordinarily be 
installed. BS&W is recorded by one 
pen; temperature by a second pen, 
to provide simultaneous indication of 
both variables. Ine., 
P. O. Bor 556, Tulsa, 


Instruments, 
Oklahoma. 
203 


COMBUSTION CONTROLLERS 


new standardized “packaged” 
control] for varying 
boiler requirements comprise a com- 
pletely piped and wired free-stand- 
ing panel for fully automatic opera- 


Ten 


electric systems 


CORRECTION 


AN SM mpd 


a Se ee/ 
transit times between points of in- 
spection and correction or part re- 
moval. Performance is not affected 
when starting, stopping, jogging, 
speeding or slowing process line.— 
Automation Inc., 212 Worcester St., 
Wellesley Hills 82, Mass. 
le 204 on inquiry card, 





tion of single-burner gas- and/or oil- 
fired boilers. Among exclusive fea- 
tures: manual-automatic control sta- 
tion console (incl. indicating lights 
and push buttons) 33” from floor as 
in large central-station control sta- 
tions; all safety and limiting devices. 

The Hays Corp., Michigan City, 
Ind. 
f r e 205 on 


“FROZEN-READING” 
PANEL INDICATOR 


New Memory Meter, believed to be 
the first of its kind, retains indefinite- 
ly a reading taken at any desired in- 


stant (not necessarily maximum). 
Normally, when a reading is desired, 
rear-mounted solenoid is de-energized; 
however, solenoid operation can be 
reversed so that it must be energized 
to permit free movement of pointer. 
Size 412”; almost any de or ac range. 

Assembly Products, Inc., Chester- 
land, Ohio. 
for = 206 


ELECTRONIC INTEGRATOR 


New Electronic Integrator featur- 
ing fast counting rate (up to 2400 
per minute) was developed for use 

bed ; ° 


ompo nent count recon, 
on right-hand side: units, 
10s & 100’s different length 





five-digit counters} 
‘ 2 





‘ a 

in chromatographic applications; is 
adaptable to other industrial proc- 
esses where desirable to integrate the 
measured variable; has been designed 
for use with Wheelco 8000 Series 
strip-chart recording potentiometers. 

Barber Colman Co., Wheelco Instru- 
ments Div., Rockford, Ill. 
For more information circle 207 


CONTROL MODULES 


New Digitrol Building Blocks are 
modular plug-in components consist- 
ing of analog, digital or servomech- 


Why buy bellows members and accessories from several sources 
... and assemble them at still another point? Fulton Sylphon can 
save you time, trouble and money by custom designing, producing 
and assembling complete bellows assemblies to your specific and 
exact requirements. 

Specialized assembly skill and equipment carefully integrate 
the bellows and all needed accessories—heads, flanges, brackets, 
auxiliary bellows, tubing, thermostatic systems and housings. 
Large selection of bellows sizes, types and metals. The complete 
assembly is delivered ready to use...with these advantages: 


One source Entire assembly Only one 
dad on Vines aM pe Tomegaet 


Write for Bellows Catalog No. CL-1400 


4 Kobertshaw Fulton 


Wh. Contos CONTROLS COMPANY 


FULTON SYLPHON DIVISION - Knoxville 1, Tenn. 
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NEW INSTRUMENTS 





anism devices. They enable’ users 
(1) to assemble complete control sys- 
tems by selecting prefabricated plug- 
in modules; (2) to combine analog 


2226 


and digital techniques in one control 
system; (3) to concentrate engineer- 
ing talent where it belongs; (4) to 
simplify maintenance problems.—Elec- 
tro Precision Corp., Box 669, Arka- 
dé lphia, Ark. 
F t 208 


LIQUID LEAK DETECTOR 


New Liquid Leak Detector, for 
supplemental use with existing com- 
bustible gas or vapor detection sys- 


2024 : 
tems, can be employed for leak con- 
trol of any organic or inorganic 
liquid. Units are available for either 
continuous single-area monitoring, or 
multi-point scanning. Circuitry is 
Fail-Safe.—Davis Emergency Equip- 
ment Co., Inc., 47 Halleck St., New- 
ark 4,°N.-J. 
F 209 


computing and data processing 





PULSE CODE GENERATORS 


New Series 5100A, 
for study and test of 
memory components 
and digital logic, pro- 
vide high-speed pulse 
programs at high im- 
pedance and high 
power output. Single- 
and multiple-channel 
10-bit pulse codes are 
provided at clock rates 
to 1 Me with control- 
lable repeat of selected 
intervals. Output from 
each channel is vari- 
able from 50 ma to 5 
amp peak current, with 
rise and fall time con- 
trol.—Electro-Pulse, Co., 11861 Teale 
St., Culver City, Calif. 

210 


SHAFT POSITION ENCODERS 


New Series 
31 systems 
convert posi- 
tion into digi- 
tal form; are 
readily fitted 
to many lead- 
ing types of 

instruments; 

feature a 

glass-fiber in- 

sulation dise 

with segment- 
ed conducting tracks and a set of 
pick-up brushes. Encoder disc is 
mounted on a hollow shaft which can 
be slipped on and coupled rigidly to 
instrument shaft.—Wang Laborator- 
ies, Inc., 837 Hurley St., Cambridge 
41, Mass. 


For more information c 
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SHAFT POSITION ENCODERS 
New 


Series 


700 

encod- 

ers are small 

lightweight 

units with up 

to 1024  posi- 

tions in one 

revolution of 

input shaft, 

obviating need 

for using pre- 

2052 cision gearing 

and reducing 

driving requirements. % New C-711 

Series encoders are available with 

discs coded in Gray code (reflected 

binary) or a cyclic binary coded 

decimal. Accuracy is better than one 

bit and transition points of each bit 

are held to within 0.05°. Torque <0.4 

oz-in and inertia 150 gm-cem*.—G. 

M. Giannini & Co., Inc., 1307 S. Myr- 
tle Ave., Monrovia, Calif. 


> 212 


TAPE PUNCH AND 
TAPE DUPLICATOR 


New Tape Punch and new Tape 
Duplicator speed processing of data 
punched in standard 1” tapes. Both 
units augment Tape Reader (a device 


that presents 80 bits of information 
at each advance of tape by = simul- 
taneously reading 10 transverse rows 
of 8 holes each). Using 0.1” hole 
spacing, any unit can be adapted to 
existing equipment. Tape Punch al- 
lows operator to set up an entire 
eight-hole line on push buttons which 
illuminate when pressed. Tape Dupli- 
punches at over 900 lines per 
minute.—California Technical Indus- 
tries Div. Textron Inc., 1476 Old 
Country Rd., Belmont, Calif. 
213 


cator 


PLUG-IN COMPONENTS 


New Comp-Plug PR-5 packages, for 
use with new AMP Shielded Patch 
Cord Programming System, include 


Be 


diodes, RC networks, ete.; can be 
used to patch up entire program. 
Each measures about 5” long; one 
end terminated in an AMP male pin; 
other end a solder terminal, a female 
receptacle, or a cable._-Eastern Pre- 
cision Resistor Corp., 675 Barbey St., 
Brooklyn %; rN pa 

tior 214 


DIGITAL CONVERTER 


— 


New Model 1520 Digiverter photo- 
electronic system translates vertical 
decimal display directly to in-line 
display; is easily attached to front of 
decade counter. Models have been de- 
veloped for all of vertical-decade 
popular counters and are available 


re ation 


cle 215 on ing 


2257 


with either integral or remote 
(illus.) in-line Nixie readout. Multi- 
readouts, relay rack panel, and cus- 
tom readouts available on special 
order.—Radio Frequency Laborator- 
ies, Inc., Powerville Rd., Boonton 
(Twp.), N. J. 
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ANALOG COMPUTER 
COMPONENT 


New Model K5-U Universal Linear 


Operator, building block for general- 
purpose analog computation, features 


4 
e=e@,+10"%p” 2 ae; 
1 


precise parameter programming and 
a variety of operations in a single 
chopper-stabilized unit. In aggrega- 
tions it offers extraordinary versatil- 
ity and economy. Example: a computer 
comprising ten K5-U’s can quickly 
and accurately solve 10th-order linear 
differential equations. Its function 
may be expressed by the equation 
lettered on the illustration.—George 
A. Philbrick Researches, Inc., 230 
Congress St., Boston, Mass. 
> 216 


PROGRAMMING PLUG SET 


New Model PR-240 provides 240 
readily-accessible pins tapered to ac- 
cept taper-lug jumper wires; features 
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alignment guide pins, provisions for 
panel mounting receptacle, and quick- 
off-and-on protective cover.—Coleman 
Engineering Co., Inc., 6040 W. Jeffer- 
son Blvd., Los Angeles 16, Calif. 
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DIGITAL PRINTER 
New Model 3260 very-high-speed 
versatile alphanumeric digital printer 
features completely transistorized 





New! 


For any conceivable 
counting job! 

A new, low power, 
light weight, all 
transistor, 150 KC 
frequency time 
counter 


Features maximum reliability, long life and small size. 
Direct Digital in-line readout, does not require matrix. 
Variable time base permits direct reading of results with- 
out consideration of transducer conversion factors. 


SPECIFICATIONS 
Input Frequency Range 


Input Sensitivity 

O.1 volt cms, with in 
Accuracy 

* 1 cyele of measured frequ 
Crystal Stability 

I evcle/megacycle/frequenc 
Registration 


2 digits 


Display Time 
Contin 
BPRS 

Gate Intervals 


Selec rol 


Display 
In-line, 5 d 
Reset 
Manual or automatic reeyeling 


Preset Interval Range 


10 microseconds to 10 seconds 


Accuracy as Interval Generator 
*10 microseconds 

Reeyeling Time 
10 microseconds maximum 


Output 


Independent of simultaneous outputs, 10 


volts positive, 500 ohms output impedance 
Dimensions 
8” wide x 12” high x 15” deep 
Weight 
20 pounds 
Output Connections 
Rear Pane! Jacks 
Priced 
Competitively with the best 
vacuum tube counters 


POTTER 





\t last you can have a high quality. 
low-power, lightweight. transistorized 
150 ke Frequency Time Counter that 
combines the precision of a laboratory 
instrument with the ruggedness required 
for factory applications and will last 
indefinitely. 


The new Potter Model 860, Frequency 
Time Counter, is a small compact instru- 
ment. [t may be used to perform normal 
counting functions and as a timing and 
frequency measuring device 


In addition, the Model 860 may be 
used as a preset interval generator lo 
prot ide preset intervals, delays or counts 
saving the cost of an additional instru- 
ment when preset interval generating 
functions are required. 


Timing and frequency features of the 
Model 860 include direct measurement 
of frequency from 0 to 150 ke. frequency 
ratio determination, period measure- 
ments for 1 or 10 cycles, and time 
interval measurements for intervals 
from inputs up to 150 ke. Predetermined 
counting to any number up to 9999 with 
extension in steps of 10 or 100 to 
999900 and external count galing are 
additional features. 


Call or write the factory or your 
Potter Instrument Company representa- 
tive for further information or for assis- 
tance with your counting problems, 


INSTRUMENT COMPANY, Inc. 


Sunnyside Boulevard, Plainview, New York 


OVerbrook 1-3200 
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Guar uae =. 4 
~MULTITUBE fo: = 


Une d. sob Li ae oa 


Bia - 
gives lowest cost with permanence 
for Instrument and Control Tubing 








This construction of CRESCENT ARMORED MUL- 
TITUBE® may be laid ina deep trench for long under- 
ground runs without any further protection other 
than that offered by its lead sheath, asphalted jute, 
two layers of heavy galvanized flat steel armour with 
an asphalt impregnated jute outer covering. 


The economy of this method is obvious. Also the 
copper tubes are completely safe from mechanical 
injury, and the thick asphalted jute coverings protect 
the metal from moisture, corrosion, earth acids and 
alkalies. Under road crossings where very heavy traf- 
fic is encountered, it may be buried in concrete poured 
into the bottom of the trench or it may be pulled 
through conduit. 





Up to 37—!',” O.D. copper tubes may be furnished 
in this and several other forms of CRESCENT 
ARMORED MULTITUBE, one of which should best 
suit your installation requirements at substantial cost 
savings and resulting in a better protected job. 


Licensed under U. S. Patent 2,578,280. 


For Further Information Send _ for 
NEW Engineering Bulletin No. 356-A. 
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COPPER TUBES 
SPIRALLY CABLED INSULATING LEAD GALVANIZED ASPHALTED 


for flexibility TAPE a STEEL ARMOR JUTE 
D 
JUTE 


CRESCENT INSULATED WIRE AND CABLE CO. 
TRENTON, NEW JERSEY 
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NEW INSTRUMENTS 


circuit modules; can print more than 
100 digits or characters per second; 
can be connected to most data-produc- 
ing sources with little modification; 
can be supplied with up to 40 columns 
of numeric or alphanumeric charac- 
ters; can print up to 20 lines per 
second for alphanumerical applica- 
tions, normally on multiple-copy fan- 
fold) paper.-Potter Instrument Co., 
Sunnyside Bled., Plainview, Lil. N.Y. 
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FREQUENCY CONVERTER wed J QUICK-LOOK 


New Type 2. frequency-to-analog j 
converter for use in telemeterine, # 
computer and other electronic data- ’ fg FOR A IA | anf of BY Et a 
handling systems, features 0.17; : 


linearity; is completely electronic (no Fi la IN YOUR 





mechanical choppers) and uses 
con zener diodes to assure 
stability. Transient response 1 
range of standard converter 100 
5000 cps (others available on 
quest). Output O to Toma per 1000 
cps of input continuously variable 
with built-in span adjustment. Di- 
mensions 5 x 3'e x 1214": weight 
8% Ib.—Cow Instrinments Div., George 
lL. Nankervis Co., 15300 Fullerton DIGITAL DATA DISPLAY 
Ave., Detroit 27, Mich. AND EDITING SYSTEM— 
219 Model 7000 shows data 
graphically ... extracts 
ENCODERS AND DECODERS important information from 
voluminous digital test data 
New Model 2KB Edacon encoder is ... transcribes in full detail 
during selected time intervals... 
converts selected data to computer 
format. Visual and transcription features 
operate simultaneously or independently 
. start and stop anywhere. Now reducing 
man and computer hours for The Martin Company. 
This is but one of a number of Tally systems now dem- 
onstrating an ability to analyze and solve special 
data processing problems—scientifie or commercial. 
Write for details—or Tally’s facility brochure. 


capable of analog-to-digital conver- 
sion of up to 2,000 codes per second. 





Code is binary having 10 bits plus 
sign; code accuracy 1 part in 204%; 
maximum bit rate 22,000 per second. 
Built-in power supplies include refer- 
ence voltage source of 0.005°% stabil- 
ity. % New Model 10B Edacon de- 
coders are capable of. digital-to- 
analog conversion of up to 200,000 
parallel 10-bit binary codes per sec- 
ond. Code accuracy 0.05¢¢. Built-in 
power supplies feature drift of less 
than 0.001% of full range. Analog 
output range is +50 v @ at 25 ma. 
% Model 10BR Decoder with refer- 
ence voltage source of 0.005% stabil- 
ity can supply reference current to 
three other Model 10B Decoders.— 
Andromeda, Inc., 3742 Howard Ave., 
Kensington, Md. 
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Double-barrel solution 
to all 


4 


iring p 


roblems! 


Longer lasting CHESTER Plasticord-Plasticote wires, and 
nylon and teflon® insulated conductors, are available in stand- 
ard or custom constructions for every requirement. All are 
service-proven for complete reliability for the specific appli- 
cation for which they are engineered. And equally reliable, is 
the service behind them...from “crash” deliveries to engi- 
neering assistance on the design of 








special purpose constructions! 


telemetering 








—for Smooth Pliability with Super-Durability 


“Airsac’’ TV 
Lead-in Wire 


Appliance Wire 
Annunciator Wire 
Annunciator Cable 
Antenna Loop Wire 
Braided Wire 
Coaxial Cable 


Custom Cable 
Co structions 


Flame Retardant 
High Voltage Wire 


Flexible Bell Cordage 


High Frequency 
Test Lead 
High Frequency 
Lead Wire 
Intercom, Control 
and Audio Cable 
Microphone Cable 
MIL Hook-up Wire 
Miniature Wire 
and Cable 
Multiple Conductor 
Cable 
Nylon Coated Wire 
Overbraids 


“Parallead’’ TV 
Lead-in Wires 


Phonograph 

Pick-up Cable 
Photoelectric Cell 
Rotor Cable Cable 
RVC-300 Apparatus 


Shielded Cable “'" 
Teflon Lead Wire 
Telephone Bridle Wire 
Telephone Cable 
Telephone Inside Wire 








C 


CHESTER 


CABLE CORP. 


5 HILL STREET, CHESTER, NEW YORK, U.S.A. 
WIRES AND CABLES 


PIONEER PRODUCER 
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S OF PLASTIC INSULATE 


D 


ard. 


DuPont 


Tradename 


RF AMPLIFIER 


New Model 1466, 
smallest and most rugged 
telemetering amplifier, features  2- 

watt drive and 
215-260-Mce 
range; oper- 
ates under all 
missile vibra- 
tion, accelera- 
tion and heat 
conditions. 
Built-in blow- 
er allows oper- 
ation up to 125°C.--Telechrome Mfg. 
Corp., 28 Ranick Drive, Amityville, 
INU. 


be the 


said to 
100-watt 
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FREQUENCY MONITORS 


New magnetic Frequency Discrim- 
inators convert frequency deviation 
into analog voltage variation for tele- 
metering, etc.; produce a well-filtered 
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0-5-vde output voltage in response to 
a frequency deviation; are available 
for power sources operating at fre- 
quencies up to 10 ke. Linearity of 
frequency-to-voltage conversion is 
hetter than 0.5°7 for standard models. 

Maguetie Research Corp., 3160 W. 
El Segundo Blevrd., Hawthorne, Calif. 

a Soe 222 


PDM MULTIPLEXER 

New Type 40-101 Plexicoder 
mutates signals from up to 90 pickups 
at 112.5 samples per second and con- 


com- 


1822 


verts them into duration-modulated 
pulses for telemetering or magnetic 
tape recording; is designed for flight 
test instrumentation, test stands, data 
handling systems, etc.—Consolidated 
Electrodynamics Corp., Pasadena, 
Calif. 
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CUSTOM 


BUILD 
your own 


Bailey 
Recorder 


VEEP P OSs Peer ctae 


These four views of the back of a Bailey Recorder show how four plug-in units may be added as 
needed to meet almost any recorder application. 


The freedom and flexibility of “do-it-yourself” in- 
strumentation is yours in the Bailey Recorder. A 
variety of plug-in units make it possible to record, 
control, and retransmit any variable that can be 
converted to a pneumatic or electric signal. 

The basie plug-in units are the Bailey a-e and d-c 
Electronic Receivers and Pneumatic Receivers. Any 
four of these may be used in one recorder, inter- 
mixed in any way, to provide four continuous 
records on one chart. 

For automatic control, other plug-in units are avail- 
able. 

For square root extraction or linear integration, 
there are two plug-in variations of the Bailey 
Integrator. 

When you want a pneumatic signal that varies 


according to a pre-set pattern plug in a Bailey 
Program Controller. 

Periodic running time of a condition or process is 
recorded on the chart when a Bailey Running Time 
Recorder is used. 

These and other plug-in units are described in 
Product Specification E12-5. Some companies stock 
Bailey Recorder cases and assorted plug-in units. As 
instrumentation and control needs arise they build 
up the kind of recorder-controller required, using 
the proper plug-in units from stock. Unmatched 
versatility such as this means lower instrumentation 
costs. 

For the complete story of how easily you can custom 
build this recorder to your needs, see your Bailey 


lingineer. G43-1 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1041 IVANHOE ROAD e 


CLEVELAND f0, OHIO 


In Canada— Bailey Meter Company Limited, Montreal 


For r 
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You can dispense with oil filters and dust filters when 
you install °Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding 
vanes, or other enemies of long life and constant perform- 
ance complicate a Nash. No aftercoolers are needed. You 
will find it profitable to investigate these pumps, now. 
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] DISCHARGE 
PORT 














Hdd HHSUU4UNUUUUANCAUTUUEUUAOQQOLUAANANEQCN0QNGEERANEEOOEOOUOOAOOOLOAOOONOOANGUOOTOEEEOUOOE 
No oil filters. : 
No dust filters. 


No internal lubrication to 
contaminate air handled. 


No internal wearing parts. 
No valves, pistons, or vanes. 
Non-pulsatir.g pressure. 


Original performance constant 
over a Jong pump life. 


Low maintenance cost. 


= HUNAN ULLAL 


ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 








photoelectric equipment 





PHOTOTRANSISTOR 


New Type 2N469 p-n-p phototran- 
sistor is a highly improved version 
of Type 2N318: smaller and with 
greater optical sensitivity, high gain 


2037 


and low leakage current (especially 
important in punched-card and tape 
readouts). It is extremely resistant 
to shock and vibration arfd is capable 
of exceptionally long service-life 
under severest conditions.—General 
Transistor Corp., 130-11 90th Ave., 
Richmond Hill 18, N.Y. 
f rmat 224 


PHOTOMULTIPLIER SUPPLY 


New Model PS 128 was designed 
specifically to bé used with photo- 
multiplier phototubes as a direct re- 
placement for a battery pack. Input 
95-125 vac; output 500-1100 vde con- 
tinuously variable; regulation 0.04¢, 
or less over input range; ripple 
0.010 or less; dimensions 13x8x8%”"; 
weight 1X}. lb. Awler Associates, 
Ine., 102-42 43rd Ave., Corona 68, 
I ame 

225 


INTEGRAL-LENS PHOTODIODE 


New hermetically-sealed germanium 
photodiode features a narrow inte- 


ute E Spectral Sensitivity 
‘ai number 
oo 





gral lens which concentrates light on 
1 mm® sensitive portion of junction 
area.—Nucleonic Products Co., Ince., 
1601 Grande Vista Ave., Los Angeles 
23, Calif. 
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PHOTOCELL AMPLIFIER 


New Model LS 242, designed for use 
with conventional barrier-layer cells, 
amplifies an optically-chopped signal 
and feeds this signal to a high-imped- 
ance indicator or to a low-impedance 
recorder whichever is preferred. As 
much as 60 db signal-to-noise ratios 
can be obtained with narrow-band 
optical transmission filters.—Azler 
Associates, Ine., 102-42 43rd Ave., 
Corona 68, Nauk: 
F oe information 2 227 6 


pressure and vacuum 





HIGH-PRECISION MANOMETER 

New Askania 

Minimeter fea- 

tures accuracy 

of 0.01 mm 

(0.0004") water 

gage; can be used 

also for vacuum 

and dp measure- 

ments; is espe- 

cially suitable for 

calibrating other 

low-pressure in- 

struments. Built- 

in optical system 

for quick determi- 

1832 nation, Range 150 

mm (about 6”).—EPIC, Ince., 154 
Nassau St., New York 88, N. Y. 


PRESSURE PICKUP 


New Model 
451212 fea- 
tures 2000- 
wire (0.05%) 
resolution, and 
precise static 
and dynamic 
balancing of 
unique mecha- 
nism, whence 
combined line- 


arity, hysteresis, and repeatability 
error of 10% of reading, or less. Avail- 
able in ranges from 0-10 through 
0-50 psia, psid or psig.—G. M. Gian- 
nint & Co., Inc., 918 E. Green St., 
Pasadena 1, Calif. 

in feapevimdicu e 229 


PRESSURE PICKUPS 


New variable-reluctance pressure 
pickups, now commercially available, 
have proved their reliability in mis- 


ta 
a 


AP-27 Dr27 . 
for 


@ diferent 
pressure measurements 
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siles “under shock, vibration and ac- 
celeration where other transducers 
fail”; can be operated with ac carrier 
sytems from 400 to 20,000 eps. Coil in- 
ductances can be specified for com- 
patibility with desired carrier sys- 
tem. (Since pickup’s frequency ex- 
ceeds 2500 cps, best results are ob- 
tained when using recently-developed 
Northam 3000-cps carrier system.) 
Many ranges to choose from.—Nor- 
tham Electronics, Inc., 2420 N. Lake 
Ave., Altadena, Calif. 


rmation circle 230 on inquiry card. 





pie | 


STROMBERG- CARLSON 


PUSH-KEYS 


now available with 
automatic interlock 


In such precision operations as auto- 
mation programming, you can now 
eliminate the risk of pushing more 
than a single button at a time. 

This new interlock feature is based 
on a simple arrangement of sliding 
cams. Only one button at a time can 
be depressed. This feature is available 
in all multiple-pushbutton assemblies 
(7, 10, 12 and 20 button arrange- 
ments). 

All “telephone-quality” advantages 
of Stromberg-Carlson keys continue 
as before. You may apply “make,” 
“break,” ‘“‘break-make” and ‘“make- 
before-break” combinations as_ re- 
quired. You get standard spring com- 
binations with Form A, C or D con- 
tacts—or you may order special strips 
of keys with intermixed contacts. 

Buttons are available in white or 
colors—blank or with letter or number 
designations. a 7 

For complete techni- 
cal data on Stromberg- 

Carlson Key Switches 
send for our illustrated 
Bulletin T-5002R. 


SC 
STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
Telecommunication Industrial Sales 
113 Carlson Road, Rochester 3, N. Y. 
Electronic and communication products for 
home, industry and defense 
rcle 59 on inquiry card. 


For more informat 


April 1958—JInstruments & Automation—Page 677 








SPECIFY 


for Supporting 
Instrument Tubing 


P-W Manufactures a complete 
trough system with channel con- 
nectors. Drive rivets are used for 
quick assembly.—Extension Con- 
nectors eliminate field cutting— 
Adjustable connectors for any 
change in direction or elevation— 
| Section for long spans—Tube 
Clips—Cushion Clamps 











Raceway to support a limited num- 
ber of tubes with connectors, el- 
bows, tees, etc.—Bulkhead Bar. 
P-W systems are available in widths 
from |" to 24" and in lengths from 
I’ to 16’. 


Twist-@ack 


The Structure To Support 

Tubetrof... Cabletrof... 
Shelving ... . Conduit .. . Cables 
oo « Hape, Ele. 


Write today for Bulletin 656-G 


INDUSTRIES, INC. 
Duncan & Melrose Sts., 
Philadelphia 24, Pa. 


(Representatives to serve you!) 
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flow-rate, level 





MAGNETIC FLOWMETER 


New 12” magnetic flowmeter meas- 
ures flow rates as low as 3 gpm; 1s 
particularly useful where small flows 
are ratioed to larger ones; offers full 
advantages of the larger instruments 


(1” and up): performance unaffectew 


by pressure, viscosity, density or 
changes in conductivity of flowing 
liquid..-The Foxboro Co., Foxboro, 
Mass. 
t 231 


ANTI-CORROSION 
FLOWMETER 


New variable-area 
flowmeter with vi- 
treous-ename l-lined 
cast-iron fittings 
will not only handle 
corrosive fluids but 
will stand tempera- 
tures and shocks de- 
structive to meters 
made of more frag- 
ile materials. 











Cau 155 Jacksonville 


Road, Hatboro, Pa. 
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FLOW & LEVEL TRANSMITTER 
FOR HARD-TO-HANDLE FLUIDS 


New 205T Volumetric Differential 
Pressure Transmitter simplifies 
difficult flow and liquid level mea- 


2268 


surements: corrosive fluids, liquids 
that “jell” when not in motion, col- 
loidal suspensions and_ slurries. It 
obviates costly special installations 
and maintenance of winterized lead 
lines ordinarily required between 
transmitter and process. Entire sens- 
ing system, including both sensing 
elements, their capillaries, and differ- 
ential pressure sensing diaphragm to 
which they connect, is factory-filled 
with silicone compound and perma- 
nently sealed. Mercuryless force-bal- 
ance system converts d/p measure- 
ment to 3-15-psi signal.—Taylor In- 
strument Companies, Rochester 1, 
Ne YY. 
f r 233 


Fischer & Porter 


SNAP-IN ROTAMETER 


New 2700 Series use 
O-rings to seal tube ends 
to metal fittings, elimi- 
nating nuts, packing 
glands and adjustments. 
Piping strains cannot be 
transmitted to glass me- 
tering tube since tube 
“floats” in O-rings. Side 
frames and front and 
rear covers are also of 
snap-in construction. 
Three sizes cover flow 
ranges from <1 ec/min 
to 40 gal/min.—-Fischer 
& Porter Co., 577 Jack- 
sonville Rd., Hatboro, Pa. 

234 arc 


temperature 





THERMOMETRIC BRIDGE 


New Model TB101-5 Thermo Bridge 
is essentially a special-purpose Wheat- 
stone bridge designed to read tem- 


1827 


perature change by change-in-resist- 
ance method. Dial is calibrated in C 
degrees change from any preset re- 
ference, using primary elements hav- 
ing a linear coefficient within limits 
of intended range.—Dynamiec De- 
velopment Co., 59 New York Ave., 
Westbury, L. 1., N.Y. 

re formation circle 235 on inquiry card 


ALUMINUM CASE PYROMETERS 


New Gards- 
man pyrom- 
eters feature 
new diecast 
aluminum case 
(unless or- 
dered other- 
wise) which 

* ' facilitates 


some functions. Setting knob now has 


a guard to preserve precise setting 
and still permit wiping glass or face. 
Calibrating spool now is accessible 
without disassembling instrument. 
Corner screws now are recessed. Uni- 
form casting to rigid tolerances elimi- 
nates variations between instruments. 
—West Instrument Corp., 4363 W. 
Montrose Ave., Chicago 41, Ill. 
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model 


Direct. ecording 


OSCILLOGRAPH 


Galvanometer 
actual size 








SPECIFICATIONS 


MAXIMUM CHANNELS: 50 Channels 
RECORD WIDTH: 12 inches 
MAGAZINE CAPACITY: 200 feet 


RECORD SPEED RANGE: .0865 to 138.5 
per second 


WRITING SPEED: Above 30,000” per second 
OPTICAL ARM: 11 inches 
POWER REQUIREMENTS: 115V 60 cps 


TIMING LINES: 0.01 with 0.10 second 
(accentuated intervals) 


SIZE: 11.4” x 161%” x 2442” 
WEIGHT: 130 pounds 


Swift readout of the completed records as they flow 
from the 602 D/R Direct Recorder, places this 
advanced instrument on the top priority list with 
test engineers and laboratory researchers who prefer 
INCREASED ACCURACY + TIME SAVED. 
Outstanding features include: full width timing lines 
— record numbering and identification — wide 
range of recording speeds — use of standard MI 
Galvanometers, all exclusive to the MI model 602 
Direct Recorder OSCILLOGRAPH. 


Midwestern Instruments manufactures several models 
of oscillographs — a model for practically any 
application. 


41ST AND SHERIDAN / TULSA, OKLAHOMA 
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Post Decitron | 
electronic products 


Model MC 











Post's Multi-Channel Input unit 
accumulates from 
different production lines where total 
count is desired, utilizes separate 
photoheads for each line. Anti-coinci- 
dence circuit keeps count accurate 
even if objects on two different lines 
break beam simultaneously. 


Model SD-IT 


“counts” several 





Outmodes all me- 

chanical counters. 

Capable of opera- 

ting at speeds up 

to 100 units per 

second. Single 

“count” indicated 

on the six digit 

totalizer as each 

tenth item breaks the light beam. 
Counts dozens or gross with 12 place 
counting tube. 


Model PW-5 





1 


Cee eee 


ee 
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Preset electronic counter with built in 
warning system. Available in 
for counts of 1-100 ¢(PW-2) to model 
with range 1-100,000 (PW-5). Will 
count in batches. Warning device may 
be used to coordinate secondary cit 
cuit) just before desired 
reached. Will stop machine, cut, divert 
or perform any other operation. Auto 
matically resets to zero when preset 
number is reached, 


POST ELECTRONICS 


Division of Post Machinery Co. 
160 Elliott St., Beverly, Mass. 


ede | 


POST ELECTRONICS 
Division of Post Machinery Co. 
160 Elliott St., Beverly, Mass. 


[] Send literature on Model 
(] Please send name of nearest 
representative 


models 


count Is 


—) 
y 


_| eee 
Company 
Address 


Ce ane. 
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HOUR METERS 


New Elapsed 

Time Indicators 

are available in 

34%” round 

(55ET), 383%” 

round shroud 

(56ET), and 

3%” rectangular 

 (57ET) cases. 

Self-starting synchronous clock mo- 

tor; 120 or 240 vac; auto-resetting 

counters for 0-99999 or 0-9999.9 

hours.—Simpson Electric Co., 5200 W. 
Kinzie St., Chicago 44, IIL. 
For r e inf stion cr > 237 on 


THERMAL TIME DELAY RELAYS 


New positive-acting 

Series D is designed 

with octal base for 

time delays from 5 to 

90 sec; operates from 

0 to 85°C. % New 

Series H, for military 

applications, operates 

under 0-500-cps vi- 

bration at 10 G and 

shock up to 50 G, at 

altitudes to 70,000 ft, temperatures 

from —65°C to 125°C. %& Both Series: 

Sp-st n-o or n-c contacts rated 3 amp 

120 vac or 2 amp 32 vde resistive 

loads. Heater voltages from 5 to 125 

vac or vde. Standard 6.3, 26.5 or 117 

v.—Curtiss-Wright Corp., Electronics 
Div., Wood-Ridge, N. J. 
Bor r ve format na fr e 238 


DRYER TIMER 


New totally- 

enclosed Dryer 

Timer provides 

appliance manu- 

facturer with an 

effective means 

for minimizing 

rejects and serv- 

ice calls. Termi- 

nals are rigidly 

supported at both ends to prevent 
misalignment if struck during instal- 
lation —Haydon Div., Gen’l Time 
Torrington, Conn. 


Corp., 
F } 239 


VARIABLE SPEED REDUCER 


New motor- 

ized Zero-Max 

Stepless Vari- 

able Speed 

Reducer is 

available in 

torque ratings 

: _ ‘ from 20 Ib-in 

through 120 Ib-in by addition of re- 

duction gearheads of various ratios. 

Reveo, Inc., Minneapolis 5, Minne- 
sota,. 


e 240 


OVERSPEED PROTECTORS 


New FD-100 Series Frequency De- 
tectors provide instantaneous cut-off 
when speed of rotating devices ex- 
ceeds a preselected value; accept in- 
put signals from ac tach generators 
or magnetic pickup coils but can be 
used also with turbine flow sensors. 
Response time within 10 ms: through 
use of transistor switching to control 
output current. Absence of mechanical 
contacts unlimited life and 
trouble-free operation under extreme 
shock and vibration. Detectors oper- 
ate on 28 vde and provide a 28-v out- 
put signal capable of operating sole- 
noid valves or relays. Accuracy of 
trip point is within 1%. Dimensions 
410” x 3%” x 2%”: weight 13, Ib. 
Waugh Engineering Co., 7842 Burnet 
Ave., Van Nuys, Calif. 
F re inf tior 241 


assures 


MULTI-PURPOSE COUNTERS 


New line of high-speed electrome- 
chanical counters includes undirec- 
tional and bidirectional units able to 


C- 40 
PF LL app oa 


side add & one subtract 


add and subtract impulses and func- 
tion as summation counters. Only two 
of the five distinct forms are illus- 
trated. Feature: exclusive dynamic- 
ally-balanced incremental actuator. 
Life span exceeds 10,000,000 counts; 
standard rates from 15 to 40 counts 
per second (higher on special re- 
quest) .—Digitac, Inc., 420 S. Beverly 
Drive, Beverly Hills, Calif. 

F OP popes cee rcle 242 on ir 


“20 
Bidirectional 
5 counts/sec. 


PRESET COUNTER 


New Dynaset, said to be “the first 
transistorized preset counter to be 


designed,” features virtually unlimited 
life, etched-circuit plug-in construc- 
tion, only cold-cathode glow counters 








ror CLOSE Temperature Control NEW HAGEN 


hand set 
time delay relay 


TEMPERATURE 
SENSING PROBE 


TEMPERATURE CONTROLLER . ‘ 
This simple, versatile instrument, developed for ASTM Engine Test circuits 

Methods for Rating Motor Fuels, is equally well adapted to general in 
laboratory or industrial temperature control applications. Range is 
approximately 80° F. to 400° F. with the standard sensing pickups. sequence 

A small thermistor sensing probe and a saturable reactor provide con- 
tinuously modulated proportional control of the current to the heating 
element, without moving contacts or relays. It features high sensitivity, 
close control, and easy adjustment of the control point by coarse and 
fine co-axial dials. It is housed in the portable cabinet shown, or may 
be panel mounted. Operates on 110 volts AC to control directly heaters 
up to 1000 watts, and can be used as a pilot controller for higher load e 
capacity. Write for further information. Foolproof on Repeat Settings 
Fuel Research Division No danger of over-timing when you repeat a process several 
WAUKESHA MOTOR COMPANY times — each with the same timing. On the first run, 
WAUKESHA, WISCONSIN operator simply presses the stop release button and sets the 
adjustable stop (both shown in blue) at the desired time 
For mote information aitale Gian inauire card tee then turns the pointer as far to the right as it will go... 
it can’t go beyond the stop. Thus the setting is always correct 
- — on the first and all subsequent runs. 

Calibrate Pyrometers A synchronous motor returns the cam shaft to “O” position, 
tripping switches in accordance with time settings. The 


eee Measure Temperatures process is stopped automatically. 











A wide selection of snap-action switches is available . . . as 

a well as cam combinations. The Hagen Hand Set Time Delay 

Read %; ™ = Relay Model 73 is the answer to controlling solenoid valves 

temperatures a . in an indusirial process, starting a group of motors in se- 
or millivolts Ca. 3 quence, for pump controls, and many other uses. 


directly ay 
Send for Bulletin 1510 


Interchangeable 


scales < HAGEN 


i ’ j MANUFACTURING COMPANY, INC. 
A portable standard 
Moline, Illinois 


The Pyrotest checks recorders, controllers and thermocouples Subsidiary of Eagle Signal Corporation 
. measures temperatures. li is a precision signal source, 
simulating thermocouple temperatures, for checking other 


potentiometers. Built-in “run up” permits checking of milli- 
HAGEN MANUFACTURING COMPANY, INC. 


voltmeters. 
Dept. IA-458 , Moline, Illinois 


19 different stock scales will fit one Pyrotest! Scales inter- 
change in seconds. F. or °C. calibrations for all types of | Please send Bulletin 1510 on the new 
thermocouples supplied. Scales directly read temperatures Hagen Hand Set Time Delay Relay. 
or millivolts. 

Features include cold junction compensation, high accu- | aE ee 
racy, built-in standard cell. Request Bulletin 9B for complete 
specifications. 


TECHNIQUE ASSOCIATES INC. 
P.O. BOX 91 * INDIANAPOLIS 6, INDIANA 
For more information circle 64 on inquiry card. For more information circle 65 on inquiry card. 
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city ZONE STATE 





TUBING 


.010” TO 1.000” O.D. 
PRECISION QUALITY 
REGULAR MILL PRICES 


Whatever the size, shape or alloy there's a 
Precision Tube to meet your requirements... 
made to precision specifications yet costs only 
regular mill prices. Round, rectangular, oval 
or square, preformed to special shapes... 
in copper, brass, aluminum, nickel, and nickel- 
alloys, Ni-Span "C", phosphor-bronze and 
nickel silver. 

For improved quality at lower costs specify 
Precision Tubing. It is the tubing consistently 
unequalled and unsurpassed in comparative 
quality tests of accuracy, temper, straightness 
and roundness. It is yours at no extra cost. 

Whatever your product plans you can 
rely on Precision for finish, accuracy and 
quick deliveries. For information on small tub- 
ing and specifications to use in selecting tub- 
ing write for the new data book to Depart- 
ment #6, Precision Tube Company, North 
Wales, Pa. 


GET YOUR 
FREE COPY 
OF THIS 
DATA BOOK 


4) 


"4 
WATER), 


TUBE COMPANY 


For more information circle 66 on inquiry card, 
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and transistors—no hot cathode tubes. 
Count rate 0 to over 5000 per second. 
Available in single and dual presets, 
2 to 6 digits. Option: Nixie in-line 
readout.—Dynapar 5150 
Church St., Skokie, Ill. 
For r 243 


Corp., 


MEGACYCLE DECADE COUNTER 


New plug-in 1-Me counter with 
Nixie numerical readout tube fea- 
tures high reliability through use of 
beam switching tube; is claimed to 
be “the only decade counter with 


2019 

provisions for resetting from any posi- 

tion to zero in less than one micro- 

second.”” Power requirements are 300 

vde @ 30 ma and 6.3 @ 0.9 amp. 
Burroughs Electronic Tube Div., 

North Plainfield, N. J. 

244 


laboratory equipment 





AUTOMATIC RECORDING 
ANALYTICAL BALANCE 


New 200-gram-capacity autographic 
analytical balance showing instanta- 
neous weight and rate of weight 


1802 
change is expected to open up new 
fields of research and control. Samples 
can be placed on pan, or suspended in 
a controlled environment above or 
below balance. New balance combines 
range and accuracy of maker’s An- 
alytical Balance with a continuous 
record and automatic operation: it 
automatically adds or _ subtracts 
weights as required to rescale re- 
corder pen. Range of automatically- 
controlled weights is 4 grams (40 
chart widths) and recording is linear 
all the way.—Wm. Ainsworth & Sons, 
Inc., 2151 Lawrence, Denver 5, Colo. 
e informatior 245 rd 


PRECISION-FLOW STOPCOCK 

New Vari-Flow glass 

stopcock with micro- 

metric flow control has 

threaded plug whose 

rotation causes it to 

move axially in thread- 

ed barrel, thereby al- 

tering alignment of 

groove with inlet and 

outlet. Serew action 

_| provides tension-free 

operation, eliminating stiction and 

plug freezing. Flow characteristics 

can be changed by altering groove 

design and varying thread pitch. 

—Wilmad Glass Co., Franklin & 
Flower Sts., Landisville, N. J. 
For r ei ation circle 246 on inqgu 


PAPER CHROMATOGRAPH 
SCANNER 


New Model PCS-1, said to be “the 
only . two-dimensional scanner avail- 
able and the only completely auto- 


matic unit of its kind,” makes _ pos- 
sible rapid and accurate chemical an- 
alysis of labeled compounds; detects 
beta-gamma_ emitting isotopes; also 
senses alpha radiation.—Nuclear 
Measurements Corp., 2460 N. Arling- 
ton Ave., Indianapolis 18, Ind. 

e information 247 on inquiry card 


LIGHT-FADING TESTER 


New Xenotest PL393 
for research, testing, 
and production control, 
utilizes a new precise- 
ly-constructed xenon 
lamp with suitable fil- 
ters, “the best continu- 
ous reproduction of 
natural sunlight in in- 
tensity and spectrum.” 
Its automatic operation 
includes safety controls. 
2” x 4” test specimens 
mount on one or both 
sides of ten specimen 

. holders on a frame ro- 
tating uniformly about xenon lamp. 
These holders can themselves be ro- 
tated to simulate a day-night se- 
quence. x%&Xenotest WLP394 weather- 
ing tester is generally similar but 
has humidity and temperature con- 
trol —G. F. Bush Associates, Box 175, 
Princeton, N. J. 

F re information circle 248 on inquiry card. 





There’s an 
SIE Power Supply 
to meet 


any application 


New circuit developments now enable SIE to offer 
transistorized power supplies to cover all possible appli- 
cations: DC to DC, DC to AC and AC to DC; regulated 
and unregulated, high and low voltage and current ratings, 
for laboratory, industrial and military installations. 

Especially significant is SIE’s new circuit which per- 
mits operation from DC input voltages above 30 volts 

. without requiring special transistors. 
TPC-2 Specitications In the 60 watt TPC-2, an ingenious case design 
permits it to be used in free air without a heat sink, or 


Input Voltage: 12 vde nominal attached to a heat sink in a confined space. 


Input Current: 6.2 a full load, 0.8 a no load ee ; ; 
Maximum Rated Output: 400 ma @ 150 vdc or 200 ma @ Check these specifications. They will 
300 vde suggest many new applications for S | 

Efficiency: Better than 80% at full load these latest SIE contributions to Elec- 

Load Regulation: Less than 15%, No Load to tronic Instrumentation for Industrial 


Full Load Hicenece 
Less than 8%, One-Half Load to vOGrESS 
Full Loa 


Ambient Temperature: -— 40° F. to + 150° F. 
Ripple: 0.5% full load, RMS basis SOUTHWESTERN INDUSTRIAL 


Dimensions: 334’ H x 3%," Lx 2%" W ELECTRONICS COMPANY 


Weight: 1% Ibs. 2831 POST OAK ROAD e@ P OQ BOX 13058 © HOUSTON, TEXAS 
Price: $125.00 (F.0.B. Houston, Texas) 








EAD; S New Size 11 Serv | 


TACHOMETER 
GENERATOR 


for AIRCRAFT ¢ ELECTRICAL 
MECHANICAL and 
MARINE 
INSTRUMENTS | s 

Sapphires set in brass, or 

other metal assemblies made DECREASED 

in any quantity to close | 

tolerance specifications are SIZE 

produced by Moser Jewel | eee 


Company—manufacturers of 
industrial jewels for over Macsiicggsn EFFICIENCY 


50 years. 





id | : Beier Oe EAD’s precision size 11, 115-volt motor 
Moser also provides Ps r S i : tachausates 1s now available ine smaller 
5 is ivots, staffs oe , Package—and achieves improved electrica 
highly polished ded recs on, — characteristics! It delivers 0.6 volts per 1000 
—silicon and spring —_ | : © Performance, me rpm with 19 millivolts of total —. Lower 
: j oO 8 -~ nulls are available. Upper temperature rea 

assemblies for high shoc ; Price— ing is 150°C. EAD’s new unit is available in 
resistance. & G 3 _. variations of voltages and power ratings for 
_ Geta _. transistor operations, variations in shaft and 

SEND SPECIFICATIONS — DETAILED i ». mounting configurations, etc....and may be 
INFORMATION READILY GIVEN. i _. ordered with precision gear heads to your 


requirements. Write for more information. 
MOSER JEWEL COMPANY 


P.O. Box 150 © Perth Amboy, N. J. i : : 
“Manufacturers of all types of Industrial Jewels” : A 347 CENTRAL AVENU2 
; } DOVER, NEW HAMPSHIRE 


For more information circle 68 on inquiry card. For moré information circle 69 on inquiry card. 
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Ewe 


Announcing the First Item in Our New Line of Control Instruments. 


MINIMUM TRIP SETTING 


MANUAL 
RE-SET 





The “MITE-73” is a monitor instrument designed to 
trip when a pneumatic signal violates its minimum or 
maximum * setting. It remains tripped after the signal 
is restored to normal limits until manually reset, either 
locally or remotely. When in service “MITE-73” will 
relay the input signal “A” to either one or both ports 
“B” & “C”. (Either “B” or “C” must be plugged if not 
required. ) 


The name “MITE” was selected 
for two reasons: 

One, its miniature size, 

and two, it, like ‘““The widow’s mite” 
(Mark 12:41-44) 

though small, was very important 


to the One for Whom it was intended 


Pat. Applied for 


Shown actual size 





“MITE-73” is available in anodized aluminum, brass 
or 18-8 stainless steel. 

Standard maximum pressure range 250 P.S.L. mini- 
mum trip adjustable 1-100 P.S.I. 

From the above graphic description you will note the 
“MITE-73” has, like the common safety pin, many 
applications. 


“If desirable to have the “MITE-73” trip on a maximum setting, tee off 
from A to D with a relief valve in the loop and set trip pressure desired. 


REPRESENTATIVES IN PRINCIPAL CITIES 
Write us for complete technical information, or for the address of our representative in your area. 


GEORGE W. DAHL COMPAN 
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7, INC. 86 TUPELO STREET, BRISTOL, R. 1. 


rcle 70 on inquiry card. 








shop equipment and | 


supplies 





CASES FOR PLUG-IN UNITS 
a” + ae ce coe a . 

New Frame-Loc is a unique metal 
enclosure with all sides flush and 
with snap-cut side panels maximiz- 


ing accessibility to wiring. Various 
sizes and finishes. Internal terminal 
structures can be printed-circuit pan- 
els or maker’s “wall,” “decks,” “tur- 
ret posts,” and can be supplied to 
order. For ventilation, side panels can 
be omitted, or perforations can be 
specified. Various plug types.—Vector 
Electronic Co., 1100 Flower St., Glen- 
dale 1, Calif. 
: 249 


WELDING CONTROL 


New Model MT 

809 Rolleetrode au- 

tomatizes spot weld- 

ing operations such 

as attachment of 

strain gages, ther- 

mocouples, thermis- 

tors, lead wires, etc., 

exposed to shock, ex- 

treme temperatures, 

and high wind ve- 

locities. Its MIL- 

spec motor powers a 

457) welding wheel over 

surface to be welded; simultaneously 
a capacitor-discharge spot welder is 
alitomatically triggered.—Micro-Test, 
Inc., 657 N. Spaulding Ave., Los 
Angeles 36, Calif. 
formatior 250 on inquiry 


PRINTED CIRCUIT WELDER 


New Model 1030 enables welding 
of components directly to printed or 


wag 1692 
etched wiring boards; features unique 
ability to make series-type welds: 
two simultaneous welds from one side 


add 





subtract 





... with CEC’s computing galvanometer 


Now all three basic computations can be performed 

by one galvanometer . . . two signals can be added, 
subtracted, or multiplied and the resultant recorded as 

an oscillographic trace. Ideal for low-level power 
measurements in electronic equipment, the 7-370 computes 
instantaneous watts (P = EI cos <7). Its phase sensitivity 
enables the user to determine power factor, and it can also 
be used to record sum and difference frequencies. Basic 
construction consists of a center body housing the moving 
coil and mirror, with two outside bodies housing stationary 
field coils and a static reference mirror for marking zero. 
The 7-370 is compatible with any standard CEC Recording 
Oscillograph. For further information call your nearest CEC 
sales and service office, or write for Bulletin CEC 1605-X3. 


Transducer Division 


Consolidated 
Electrodynamics S3) 


300 North Sierra Madre Villa, Pasadena, California 


RECOGNIZED LEADERS IN GALVANOMETERS « TELEMETRY 
PRESSURE AND VIBRATION INSTRUMENTATION 


For more informat 


e 71 on inquiry card 
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Meets 
Severe 


@Tolareliicelat- 


Where Durability, Hi-Temp Resistance Are Needed 


“Ceramo” thermocouple wire is de- 
signed specifically for severe condi- 
tions—conditions where ordinary ther- 
mocouple wire is inadequate. “Cera- 
mo” design, pioneered and developed 
by Thermo Electric, includes thermo- 
couple material conductors with ce- 
ramic insulation and overall metal 
sheathing. Use this versatile wire to 
solve your problems of high tempera- 
ture, moisture. abrasion, pressure, 
chemical or corrosive action, and dif- 


ficult installation. 


For a given application, “Ceramo” 
will outlast comparable standard types 
many times — with no significant dif- 
ference in response. You can form it 
to almost any shape without shorting 
or grounding — thus simplifying 1in- 
stallation in previously inaccessible 
spots. “Ceramo” thermocouples can 
often be used bare where protection 
tubes would ordinarily be needed. An 
enclosed hot junction “Ceramo’” ther- 
mocouple will withstand pressures up 
to 40,000 psi. 


Available Materials 


Various “Ceramo” conductors are 
available for temperatures from 


re intor 
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—320 F. to 3.000 F. These include 
I-C, C-C, C-A, Pt. 10% Rh.-Pt., Pt. 
1347 Rh.-Pt.... plus Pt. 30° Rh.-Pt. 
6° Rh. Sheathing can be selected to 
meet the requirements of many differ- 
Standard 
sheath materials include Stainless 
types 304, 309, 310, 316 and 347: In- 
conel; aluminum and copper. Special 
sheaths are made of titanium, tan- 
talum, Hastalloy C, platinum, Monel. 
Chromel, Alumel, and copper-nickel 


ent ambient conditions. 


alloy. 

Available Sizes 
Conductors are supplied from 36 to 
12 gage. Overall diameters: 2-conduc- 
25” to 7/16”: 4-con- 

16” to 7/16”. Stand- 


up to SOmat: Special 


tor types — | 
ductor types—1 
ard lengths: 
lengths: up to 60 ft. 


Write For Catalog 31-300- F. 


Thermo 
Electric CO.,INC. 


SADDLE BROOK, NEW JERSEY 


In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont. 
© 72 on inquiry card. 





NEW INSTRUMENTS 


of work; comes complete with power 
supply, foot pedal, ete. Stepless heat 
to 80 watt-seconds, and 
preset electrode pressure, whence 
uniform welds.—Weldmatic, 380 N. 
Halstead Ave., Pasadena, Calif. 

f f t 251 





control, 0.1 


WIRE MARKERS 


New Self-Adhering E-Z-Code wire 
markers come on a speed-tab dispens- 
er card that enables user to remove 

only one at a 

1699 iF, time. Thousands 
va ae of stock items 
available or can 
be printed to us- 
er’s requirements, 
on fabrie or alu- 
minum foil for 
temperatures 
from 300°F to 
300°F. Meets 
MIL-D-10369B 
for fungus resist- 
ance; also avail- 
able in vinyl, acetate, glass-cloth, cel- 
lophane and paper.—Westline Prod- 
ucts Div., Western Lithograph Co., 
600 E. Second St., Los Angeles 54, 
Calif. 
F » 252 


dimensional gaging 
and inspection 





MICRO-PROJECTOR 


New Wilder Micro-Projector A-F 
is a floor model, self-contained and 
self-supporting; available in six se- 


2070 


lective magnifications and with a 
choice of centers, surface illumina- 
tion, protractor, measuring screens, 
and eight different measuring stages. 
—Opto-Metrie Tools, Inc., 187 Varick 
St., New York 13, N. Y. 


e information circle 253 on inquir 


PRECISION GONIOMETER 


New Unisec optical coincidence 
reading system makes it possible to 
read shaft positions to one second of 
are directly; comes complete with 
a precision glass circle with 2160 





SPECIFICATIONS : 


Size of table is 3-3/4” x 4”. Maxi- 
mum table travel is 1-1/2”. Great- 
est distance between table and end 
of spindle 4”. Preloaded ball bear- 
ing spindle with four speeds 1725, 
2600, 3000, 4700 RPM. Motor 1/2 
HP, 110V, 60C. The micro-drill press 
may also be had with a 3450 RPM 
motor, doubling the above speeds. 














need more 
information... 


For more information on products re- 
ported or advertised in this issue, use 
postage free card bound in this issue— 
or write inquiry key number and date 
of issue on a postal card and send c/o 


our Reader Service Department. 








EQUIP FOR THE SIZE OF THE JOB 


SMALL DRILLS MUST BE HELD IN PRECISION 


COLLETS TO ASSURE ACCURACY 


TEVIN, ,, MICRO DRILL PRESS 
FOR VERY SMALL HOLES 
DOWN TO .002” 





In the LEVIN micro-drill press drills 
are held in precision collets. Runout 
is reduced to practically zero and 
drill breakage from this cause is 
eliminated. Collets are available in 
a complete range of sizes down to 
.1 mm (.004”). Send for catalog M 
describing complete line of micro- 
drilling equipment, collets, instru- 
ment lathes and precision tools. Louis 
Levin & Son, Inc., 3610 S. Broadway, 
Los Angeles 7, California. 





“DEPENDABLE _ 
100% AUTOMATIC 


REMOTE READING 
Tank Contents Gauges 


® RELIABLE 
¢ NO POWER REQUIRED 
© UNDERWRITERS’ APPROVED 


Liquidometers use a tempera- 
ture compensated balanced 
hydraulic system. Indications 
unaffected by changes in spe- 
cific gravity. All models fea- 
ture large easy-to-read dials. 
UL approved switches avail- 
able. 


Write for complete details to 


Dept. E. 


in 
z 
~ 

= 


Since 1920 


S) 
ing t® 


THE LIQUIDOMETER corp 


LONG ISLAND CITY 1. NEW YORK 
For more information circle 74 on inquiry card. 
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POSITIVE CONTROL OF MATERIALS 


IN MOTION 
“a 


Pies, 


PAYLOADS ARE DOLLARS... 


WHY SETTLE FOR ACCURACY BASED 
ON INTERMITTENT WEIGHING? 


TYPICAL 
APPLICATIONS 




















Sinter Process Control 


NT PO tia 


meet ese + - ee - - - 
i 








~s 





Freight Car Loading 





FEATURES: 

ACCURACY ... within +0.5 of 1% of full scale load over a 10:1 range. 
UNLIMITED CAPACITY .. . each scale individually sized to the specific 
requirements of the installation 

UNAFFECTED BY OVERLOADING overloading will not damage the 
live force-balance weigh cell, or cause any shift in calibration of this scale 
PNEUMATIC FORCE-BALANCE WEIGH CELL . . . generates powerful 
(5 to 1S psi) signals requiring no amplification sensitive, but rugged, 
simple, and reliable! 

CONTINUOUS INTEGRATOR adds and subtracts to provide true zero 
with empty belt contributes to the exceptional accuracy of Conveyoflo 


POSITIVE FLOW 


bulletins checked below 


Please send me the 


CONTROI 
(400-JIOA) 


Shuntflo Bulletin for metering air, gas, steam 


380-K4B) 


(550-PS) 


Propelofio Bulletin ¢ . for metering water 


Conveyofio Bulletin . for weighing beit-conveyed 
materials 


Chronoflo Bulletin (230-H4B) for telemetering and control 


Venturi Flow Nozzie Bulletin 130-E2A 
high temperature metering 
Dall Flow Tube (DFT-PI) 


. for high pressure, 


Builders Conveyoflo® Meter measures every belt-foot of load 
. . » making it the most accurate scale for weighing and con- 
trolling belt-conveyed materials !! 


HERE’S PROOF! 
CASE NO. 1: Conveyofio Meters automatically control the 
sintering process in a major steel plant.* One phase of opera- 
tion calls for one scale to weigh the ore while four other scales 
automatically control additives. The combined loads from all 
five scales eventually pass over a sixth scale. A recent check 
for a 24-hour run produced the following results: 
Total Tonnage from 5 scales 4050.7 
Total Tonnage registered by 6th scale 4053.5 
Difference (tons) 2.8 or 0.069% .. . 
ACCURACY !! 
CASE NO. 2: Conveyoflo Meters are used by one of the coun- 
try’s largest producers of power®* to inventory incoming coal. 
On one 17-day run, the totals of two Conveyoflo Meters were 
compared with the bills of lading with the following results: 
Bills of Lading 74,880.4 Tons 
Conveyoflo Meter Totals 74,848.0 Tons 
Difference —32.4 Tons or —0.0432%... 
ACCURACY over a 17-day period. 


*Names and locations upon request! 


Builders-Providence Conveyoflo is designed to fit any standard 
conveyor. Start saving dollars today. Write for Bulletin 550-PS, 
Builders-Providence, Inc., 422 Harris Ave., Providence 1, 
Rhode Island. 


NEW LITERATURE 


Name 
Company 
Address 


City State 





Bulletin (125-P3) for low cost, 
specialized metering 


a pes Cane et ae 


B-1-F 





@BUILDERS-PR OVIDENCE 


BF aoe 


INDUSTRIE S Dice: 





r more information on: Shuntfio circle 75 
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2 139; Conveyof circle 
Tube circle 143. 


140; Chror 











mechanical testing 


SPECIFY 
ENGINE INDICATOR-ANALYZER 


New Series EA-114 SLM Engine 
Indicator-Analyzer measures all in- 
ternal-combustion engine pressures, 





FLOW METERING ELEMENTS 
FOR CORROSIVE FLUIDS 
Builders Model DFT-PI Dall Flow 

Tube . . . insert- 

type, plastic pri- 

mary metering 

element. Low 841 

cost, accurate. 

Suitable for most vraduations; reads both sides of cir- 

applications, es- cle at once to remove eccentricity 

satay Bulletin error. Special eyepieces and units for 

HIS-RI. screened projection at high magnifi- 

cation are available, as are special 

reading systems using larger circles 
FOR HIGH PRESSURES & TEMPERATURES and housings.—W. & L. E. Gurley, 
4 J Troy, N. ¥. 

sis Fas ian 


vibrations and ignition voltages; pro- 
vides visual display of engine func- 
tions on a standard oscilloscope screen. 
Kistler Instrument Corp., 15 Web- 
254 ot : ster St., North Tonawanda, N. Y. 


MEASURING MICROSCOPE 0287 
: _ pees New Direct BALANCING MACHINES 


| 
; ; ’ Measuring Micro- 
Builders X-TRA-HI Flow Meters... : scope utilizes a 
for high temperature, high pressure pocket compar- 
applications . . . proven in primary 
loop of every major atomic reactor in 
America. Bulletin 130-E2A 


New complete line of Rava Elec- 
tro-Dynamic Balancing Machines, for 
2 production and short run balancing 
ator at eyeplece 
to superpose an 
image of recticle 
: pattern directly 
REMOTE METERING/CONTROL on work. Opera- 

Builders CHRONO- er Saae: Fenes 
£5609 Velecastes. measurements di- 
sends data on remote rectly from ret- 
flows, pressures, icle which has 
temperatures, tank both English and 
levels, etc. Remotely ; ; Metric gradua- 
controls pumps, tions.—-Edmund 
valves. Bulletin 230- : Scientific Co.. 





H4B. ON Barrington, N. J or , 

° ‘ Pere ee of workpieces from a few ounces to 
op more paternal 6 255 nae ican a ton or more, comprises low-cost 
LIQUID METERING static-dynamic horizontal balancing 

machines in which both angle and 
ULTRASONIC GAGE amount of unbalance are determined 
quickly by adjusting simple electrical 
controls. Workpiece is rotated at 
speeds up to 3600 rpm by a direct 
motor drive; to 36,000 rpm with an 
Builders PROPELOFLO® Meter... parallel: ict apah hey alg 
direct-reading, propeller-type liquid , ee ak. ee ee wd 
meter... 2” to 20” lines . . . within oti : 7544 Easton Road, Willow Grove, Pa. 
+2% of actual flow over specified , - F nformation circle 258 
range .. . Capacities ranging from 15 “ 


to 5,800 GPM. Bulletin 380-K4B. Y HYDRAULIC TEST STANDS 


STEAM, AIR, GAS METERING New Series KC-300 Universal Hy- 
: ‘ Fi ’ draulic Test Stands feature simpli- 
a ~ fied modular design permitting wide 
tiaed, seth-onssated . ‘ ‘ choice of hydraulic circuits without 
meter... for 1” to 

24” line sizes 
accurate within 
+2% of actual rate 
of flow. Provides other materials at on-the-spot loca- 
continuous and auto- tions, can be plugged into any stand- 
— ae lledin ard 110-120-vae outlet; is designed 
100-J1OA. oe for use in five different operating 
; frequencies utilizing Curtiss-Wright 
quartz or HiR lithium sulfate trans- 
ducers; features pattern on its CRT 
face for measuring size and position 
fomeR UR Zed, | of flaws, ete.—Curtiss-Wright Corp., 


Industrial and Scientific Products 
smokey: S a Div., Princeton, N. J. 
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New portable Model 501 Echoscope, 
for ultrasonic inspection, testing and 
measuring of metals, ceramics and 
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PALMER 


MERCURY ACTUATED 


DIAL THERMOMETERS 


in 3 types to suit any 
requirements 


Fagg mee 
Mt Reowersee. 
cog wnat 


PATENTED 


Full 41/,” dial face. 
Stem can be placed 
at any angle and 
case can be rotated 
to any readable 
Position. 


Rigid Stem Dial Ther- ' 
mometer tapered bulb, 
interchangeable with 
standard industrial ther- 
mometer separable socket. 
(As illustrated above.) 


Wall Mounted Dial 
Thermometer with 
flexible connecting ar- 
mor, Case adjustable to 
easy reading position. 


Flush Mounted Dial 
Thermometer for pan- 
el mounting with flex- 
ible connecting armor. 


All three types have a full 
4%” dial face. 


for accuracy: Mercury actuated . , . Fully Com- 
pensated by Invar Compensaton. Guaranteed 
Accurate 1 scale division, 
for angularity: Can be adjusted to most read- 
able position at any angle desired, 
for readability: Bold Black Numbers...11” of 
scale Reading Dial face can always be placed 
in easiest readable position. 
for interchangeability: Always specify 
"PALMER" Separable sockets as they are inter- 
changeable for Dial or Industrial type Ther- 
mometers. 

Write for Catalog Information 


PALMER 


THERMOMETERS, INC. 
Norwood Ave., Cincinnati 12, Ohio 
Mfrs. of Industrial Laboratory 
Recording and Dial Thermometers 


For more information circle 77 on inquiry card. 
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sacrifice of function or performance. 
Basic unit limits: 3000 psi and 6 
gpm; static test pressures up to 5000 
psi available on some models; others 
to 5000 psi and 20 gpm.—Kahn & Co., 
Inc., 543 St., Hartford 1, 


Conn. 


Windsor 
259 


ELASTOMER AGING TESTER 


New square design of maker’s 28- 
hole Aluminum Aging Block Model 
LG (for testing in accordance with 
ASTM D-865-54T and D-471-55T at 
temperatures up to 600°F) occupies 
a square space in either a corner or 
a row of companion equipment. On 
special order, square or round Model 
LG is available for temperatures up 
to 750°. (Special models: LGH= or 
LGP, up to 1000°F or for pressure- 
air or oxygen aging).—Scott Testers, 
Ine., 45 Blackstone St., 


i de 


Providence, 
260 


ENVIRONMENTAL CHAMBER 


New 16-cu-ft top-opening mechani- 
cally-operated self-contained explo- 
sion-proof low-temperature environ- 


mental chamber has temperature ad- 
justable from ambient to —1380°F; 
inside dimensions 48”x24"x24";. air 
circulation by externally-mounted ex- 
plosion-proof motor; thermal capac- 
ity 5,800 Btu per hour at —100°F; 
explosion-proof temperature control 
with 24-hour or 7-day chart.—Webber 
Corp., Dept. EE-653, Bor 217, Indian- 
apolis 6, Ind. 
261 


ANGULAR ACCELERATION 
AND RATE GENERATOR 


New floor model accelerometer and 
rate gyro tester features frequency 
and acceleration characteristics in- 


5) Tt 


finitely adjustable by sliding weights, 
by using heavier or lighter weights, 
or by varying winding of torsion bar 
that powers generator. Torsion bar 
itself can be changed (simple opera- 
tion) for selecting range from 0.5 to 
200 Humphrey Ine., 2805 
Canon Diego 6, Calif. 


262 


rad, sec’. 
pt., a7 


electrical testing _ 





ELECTRIC MOTOR TESTER 

New Model 1061 Electronic Motor 
Analyzer, for production quality con- 
trol of ac and de motors, solenoids, 


magnetic 
opens, 


coils, materials, ete., an- 
alyzes for shorts, winding 
errors, reverse connections, hi-pot to 
ground, and commutator position. Six 
to ten components can be tested per 
minute.Auwtomatie Development Co., 
2530 N. Naomi St., Burbank, Calif. 


263 


DIELECTRIC TEST SET 
New 
ages up to 
insulation; 


Model 2 measures de at volt- 
100 kv when applied to 
features utmost safety, 


426 


simple operation, reliable perform- 
ance, excellent output voltage regula- 
tion, facilities for voltage and leak- 
age current measurements.—/James 
G. Biddle Co., 1316 Arch St., Phila- 
delphia 7, Pa. 
oe ae » 264 


CORE TESTER 


New Model 123 Core Tester pro- 
vides a display of magnetic toroid 
characteristics: coercive force, satur- 
ation flux density, Br: Bs ratio, 
differential permeability, and shows 





shape of hysteresis loop on a CRO. 
Principle: current reset, current vari- 
able up to 6 amp. Solid rod probe per- 
mits manual testing rates up to 400 
cores per hour.—Mack Electronics, 
40 Leon St., Boston 15, Mass. 
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PULSE MODULATOR 


New Model 63M hard-tube high- 
voltage pulse modulator for experi- 
mental tube testing is capable of three 
modes of operation: cathode pulsing, 
modulating-anode pulsing, and grid 
pulsing; operates anywhere in range 
from 30 to 12,000 eps and with pulse 
lengths continuously variable from 
0.5 to 380 usec.—Levinthal Electronics 
Products, Ine., Stanford Industrial 
Park, Palo Alto, Calif. 

f re tormat n e 266 


BUILDING-BLOCK TESTERS 


New transistorized digital build- 
ing-block test-equipment line, for use 
by engineers involved in development 


and production of computer systems, 
features ease of application; high 
speed (5 megapulses per second); 
long life reliability; compatibility 
with most digital circuits; simple 
method of marginal checking.—Digi- 
tal Equipment Corp., Maynard, Mass. 
f fe pmatior 267 nauiry . 


RESISTANCE SAMPLE HOLDER 


New Type 9 provides a convenient 
means of measuring both surface and 


volume resistivities of molded plastics; 
conforms to ASTM D257-54T; can be 
used with any resistance-measuring 








FOURTH INTERNATIONAL 
AUTOMATION EXPOSITION 
and CONGRESS 


TECHNICAL SESSIONS 


June 10th and 11th—New York Coliseum 
Tuesday, June 10th, 9:30 A.M., Coliseum 


1. Importance of Measurements—-Canada Room-—Chairman: 
. Douglas M. Considine, Hughes Products Div., Hughes 
Aircraft Company 


Tuesday, June 10th, 2:30 P.M., Coliseum 


2. Product Design for Automation—-Canada Room—Chair- 
man: Robert W. Carson, Managing Editor, Product Engi- 


neering. 
Automatic Control Valves-—United Nations Room—Chair- 
man: FE. Albert Adler, Instrument Engineer, United Engi- 
neers & Constructors, Inc. 

Military Electronics and Controls—France Room—Chair- 
man: Cmdr. Claude Morrison, Editor, Military Automation 


Wednesday, June 11th, 9:30 A.M., Coliseum 

5. Automatic Weighing—Canada Room—Chairman: Armand 
Gaudreau, Consulting Engineer, Gaud-Reau Associates 

6. Manufacturing and Automation—France Room—Chairman: 
Stephen Derry, Consulting Management Engineer 


Wednesday, June 11th, 2:30 P.M., Coliseum 


7. Medical Instrumentation—Canada Room—Chairman: Dr. 
Raymond Jonnard, Assistant Director, Laboratory, Pru- 
dential Insurance Company of America 

8. Data Acquisition & Reduction—United Nations Room— 
Chairman: Ward O'Connor, Chief Mechanical Engineer, 
Lummus Company 


Thursday, June 12th, 9:30 A.M., Coliseum 


9. Education for Automation— Canada Room — Chairman: 
Milton H. Aronson, Editor, Instruments and Automation. 


COOPERATING SOCIETIES 
American Society of Mechanical Engineers, Materials Handling 
Division—Theme of Meeting: Materials Handling as a Key 
to Industrial Automation 


Tuesday, June 10th, 9:30 A.M., Coliseum 


Automatic Warehousing—South America Room—Chairman: 
To be announced 


Tuesday, June 10th, 2:30 P.M., Coliseum 
Automatic Materials Handling System in Small Plants and 
Warehouses—-South America Room—Chairman: To be 
announced 


Wednesday, June 11th, 9:30 A.M., Coliseum 
Automation on the Production Line—South America Room— 
Chairman. To be announced. 


Wednesday, June 11th, 2:30 P.M., Coliseum 
Systems Engineering, Economy and _ Justification—South 
America Room—Chairman: To be announced 

l’ Association Internationale de Cybernetique 


Wednesday, June 11th, 2:30 P.M., Coliseum 


Contributions of Cybernetics to Automation—France Room— 
Chairman: Dr. George Boulanger, Professor, Polytechnique 
de Mons and l’Universite de Bruxelles; President |’Associa- 
tion Internationale de Cybernetique 


See page 657 for registration information 
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( IN LESS THAN NEW INSTRUMENTS 
equipment to determine volume and 
4 SECON DS surface resistivities to at least 10!7 


ohm-centimeters or ohms per square. 


FROM THIS Walter N. Trump, 516 S. Vermont 
A Ve., Columbus, Kansas. 
: e int 4 268 _ 
f } COMPUTING TRANSFER 
OSCILLATOR 
New Model 7580 measures cw and 


WITH THE REVOLUTIONARY pulsed frequencies without manual 
PRODUCTION AID TOOL! calculations using harmonic multi- 


“PIG-TAILOR"® 
—, 


plying factor; extends range of mak- 
er’s 10-Mc EPUT(R) Meters to be- 

Foot operated 2 x 

No accessories yond 12 kMc. Accuracies to 3 parts 


saa $125.00 in 10°.—Berkeley Div., Beckman In- 
struments, Ine., 2200 Wright Ave., 
‘*PIG-TAILORING’’ 


Richmond 3, Calif. 
@ revolutionary new mechanical process for 
higher production at lower costs. Fastest 
PREPARATION and ASSEMBLY of Resistors, 
Capacitors, Diodes and all other axial lead 
components for TERMINAL BOARDS, PRINTED 


269 


POLARITY TESTER 


New Model R rapidly determines 
polarity of all types of transformers 

power, distribution, through and 
split-core current transformers; is 
powered by three standard dry cells 
and is a simple and extremely con- 
venient “package”; is designed to 
withstand the most adverse service 
conditions.—/. W. Dice Co., Engle- 
wood, N. B fe 

270 


RESISTANCE DEVIATION BRIDGE 


New Model 957 indicates percent- 
age deviation of a sample resistor 
from standard resistor of the same 
nominal value; can be used as a 
precision resistance bridge for gen- 
eral measurement by null method; 
can also be adapted for use as control 
unit in automatic sorting or inspect- 
ing. Accuracy as a limit bridge is 
better than 0.05¢, for resistances 
greater than 10 ohms. Unique cir- 
cuit requires no balancing or zeroing 
controls. Case can fit into a standard 
relay rack.—Millitest Co., 88 Madi- 
son Ave., Hempstead, N.Y. 

e 271 


CRCITS v0 RUATORITED ASHEMBLIES electrical and electronic instruments 








PIG-TAILORING eliminates: + Diag | cutters 
+ Long nose pliers » Operator judgment « 90% 
operator training time + Broken components + 

Broken leads + Short circuits from clippings + EDGEWISE INSTRUMENTS 
65% chassis handling « Excessive lead tauvtness 
+ Haphezord assembly methods. New Models 1502 and 1507 provide 
PIG-TAILORING provides: + Uniform component visibility of a conventional 212” in- 
position « Uniform marking exposure +» Minia- strument but take half panel space 
turization spacing control + ‘'S"’ leads for termi- 
nals + *‘U"’ leads for printed circuits + Individual 
cut and bend lengths + Better time/rate analysis 
+ Closer cost control + Invaivable labor saving 
« Immediate cost recovery. 


Pays for itself in 2 weeks 


“\SPIN-PIN’’® 
Close-up views of and weigh about 5 oz; use maker’s 
“HET” Homes Self-Shielded core magnet movement; 
se i re are accurate to 2% of full-scale de- 
termine). ; flection in de ranges. Carried in stock 
* No Training d in fifteen ranges and types.—Simpson 
© No Pliers Electric Co., 5200 W. Kinzie St., 
* No Clippings Chicago 44, Ill. 

* Uniform Crimps £ o int stior e 272 
* 22 Sizes 


meee a POTENTIOMETER 
$ 00 ' New Oelke-Grinnell Potentiometer, 
5 gacn wr said to be “ideal for buyers with a 


budget,” has a rugged standard cell. 











Write for illustrated book to Dept. 1A-4 


IES CORP. 


DMENT 
WiC FQUIPMEN 


BRUNO-NEW YORK INDUSTR 


ERS & MANUFACTUR 


Wt 
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Its novel circuit permits checking 
slide-wire calibration in seconds with- 
out resetting slide wire. Double range 
0-1 and 1-2 v, direct reading to mv 
and estimation of fourth decimal 
place.—Wilkens-Anderson Co., 4525 
W. Division St., Chicago 51, Ill. 

e 273 on ingu 


300° SCALE INSTRUMENTS 


New 41%” round or square instru- 
ments have more than 8%” of usable 
linear scale. Knife-edge pointer moves 


2058 


300° (15° more than in 250° instru- 
ments which company also makes). 
tesponse time and damping are four 
to five times faster than ordinary 
90 instruments, surpassing MIL 
spec 10304A. Standard ranges from 
100 microamps up.—Miller Instru- 
ment Co., Inc., 165 E. Lincoln St., 
Escondido, Calif. 
stion citcle 274 on 














For 


NEW 
CATALOG 
AVAILABLE 





MERCOID 
CUTS 


FOR EVERY 
APPLICATION 


INDOOR 
OUTDOOR 
HAZARDOUS LOCATIONS 


Write 
for your 
copy 


CONTENTS: 


Controls for— 


@ PRESSURE 
TWO-STAGE PRESSURE 
DIFFERENTIAL PRESSURE 


@ TEMPERATURE 
TWO-STAGE TEMPERATURE 


@ LIQUID LEVEL 


@ MECHANICAL MOVEMENT 
LEVER ARM AND 
FLOAT OPERATED 


@ TRANSFORMER-RELAYS 


@ MERCURY SWITCHES 
HERMETICALLY SEALED 





ALL MERCOID CONTROLS 
INCORPORATE SEALED 
MERCURY CONTACTS 


ASK FOR 
CATALOG NO. 858 














THE MERCOID CORPORATION 
4201 Belmont Ave., Chicago 41, Ill. 
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PRINTED-CIRCUIT VTVM 


New Mode! 902 printed-circuit 
voltaye-regulated vacuum-tube  volt- 
meter has 28 ranges; permits user to 
tilt indicator to 
eye line at any 
angle for more 
accurate read- 
bmes:; has a 
“Magic Lead 
Switch” that au- 
tomatically shorts 
or opens test 
leads for zero 
and infinite ohms 
adjust.—Precise 
Development 

Corp., 2 Neil Court, Oceanside, N.Y. 
» 275 


RACK-MOUNTED DIGITAL VO’s 


New extremely rugged rack-mount- 
ed VTVM’s feature high input im- 
pedance, moderate cost, illuminated 


1845 


decimal point moving with position 
of range switch, and red illuminated 
signal indicating when next higher 
scale should be selected.—Hycon 
Electronics, Inc., 321 S. Arroyo Park- 
way, Pasadena, Calif. 

ation circle 276 


GAUSSMETER 


New Model 
1295 Gaussmeter 
utilizes Hall ef- 
— fect to measure 

- magnetic flux 
densities up to 
50,000 gauss in 
static or ac fields 
to 3% accuracy. 
Nine ranges cov- 
er 0-100 to 0-50,- 
000 gauss. Two 
standard magnets of 1000 and 5000 
gauss calibrated to 1°¢ are included. 
Use of transistors throughout elimi- 
nates warm-up drift and provides 
stable operation. Operates on 117 v, 
50-400 cps.—Radio Frequency Lab- 
oratories, Inc., Powerville Rd., Boon- 
ton (Twp.), NaF: 
ae mira tae stion circle 277 


TRANSISTORIZED 


5” OSCILLOSCOPE 


New Model 586 Low Frequency Os- 
cilloscope, helpful in eliminating pos- 
sible galvanometer damage due to ac- 
cidental overload or wrong connec- 
tions when setting up or calibrating 
recording instruments, can be ob- 
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GET THIS 
HANDY GUIDE 
"° BETTER VALVES 


“N° GAGES e 


249 4.3. 4.5.5.". 


Shows complete line of Penberthy valves 
and liquid-level gages for power, petro- 
leum, and process industries. Includes 
technical data, parts, price lists, and 
accessories such as: 


HEATING AND COOLING GAGES... for accu- 
rate readings where liquids must be cooled 
or heated to obtain exact measurement. 


INSTRUMENT VALVE... permits gage repair or 
replacement without shutdowns. Back-seating 
stem permits repacking under pressure. 


FROST PREVENTIVE GAGE... eliminates frost 
build-up...assures dependable visibility. For 
industries where frosting interferes with 
accurate readings. 

ILLUMINATORS ... . plastic wedge distributes 


bright, even light along entire column. Non- 
glaring...dustproof for perfect illumination. 


WELDING PAD GAGES .. . where process con- 


ditions require observation windows as inte- 
gral part of vessel. 


INGER 


Penberthy Manufacturing Company 
Division of Buffalo-Eclipse Corporation 
1242 Holden Ave., Detroit 2, Mich. 


Please send FREE copy of Catalog #36. 


eae 
Dept. A 


NAME. TITLE 





ADDRESS. 





COMPANY 








BO ee ee ee ee eee eee 
For more information circle 88 on inquiry card. 


Page 693 



























mel NEW INSTRUMENTS 
Klied 
ate ; On 
ia] ATTA 
| 1 | 
P Bil 1 | 
Fy lit hi | 
i i 1 | H 
| iii 
ij | Tys 344 
7 ity 
aid4 














served by groups of people from wide 
angles. Available in single- or multi- 
ple-channel scanning.—Edin Co., Inc., 
207 Main St., Worcester 8, Mass. 
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WAVEFORM TRANSLATOR 
New Waveform Translator for 
study of repetitive waveforms permits 
accurate plotting of waveforms to 















ap annmeer ~ 


yRaws * 
waver Owes ‘ne 


wee 







DIEHL 


SERVOPOT 


»»-SOlves your servo packaging problems! 20 ke on conventional X-Y plotters. 
It can plot complex Lissajous pat- 
terns, hysteresis loops, complete fami- 


The DIEHL SERVOPOT is an integral combination of a ! 
two-phase instrument servomotor, gear reduction, slip clutch, lies of curves, ete. Transdata, 1844 
a. : Brigden Rd., Pasadena, Calif. 
and precision potentiometer. hie tol ie sig* ai 
Conceived with the idea of offering precision servo perform- 
ance in a modular construction, the SERVOPOT eliminates the 


present burden of mounting, testing and aligning separate units. electrical-instrument 


The SERVOPOT finds wide application in balancing, posi- ° 
tioning and computing servos. Addition of an integrally-mounted accessories 
DIEHL 0.5% A.C. tachometer makes the SERVOPOT a com- 


plete integrating servo. 



























LOW-THERMAL EXTERNAL-COIL 








The built-in slip clutch is factory adjusted to permit servo MINIATURE CHOPPER 
operation into potentiometer stops without damage. Standard Naw: teacineiic sibalades Semerc- 
pots featuring 0.5% linearity can be obtained in a wide range of verter chopper featuring low thermal 

construction is particularly useful in 





resistances. Single, multi-turn, and non-linear models are available. As 
chopper-stabilized dc amplifiers where 


thermal stability and extremely low 

Consult DIEHL for further information, including integral noise are of prime importance. It 
mountings for resolvers and variacs. offers the same contact ratings and 
reliability in dry circuit applications 

as does company’s standard external 

coil units. Complete electrostatic 


D | E H L MAN U FACTU R | N G CO M PA NY shielding of coil from contact assem- 
bly results in extremely low residual 
Electrical Division of THE SINGER MANUFACTURING COMPANY noise levels. Modular construction 


Finderne Plant, SOMERVILLE, N. J. makes available interchangeable coils 


Other available components: optimized for minimal power drive 
and thermal dissipation at preselected 






















A.C. SERVOMOTORS * A.C. SERVOMOTORS WITH A.C. TACHOMETERS | r 

A.C. SERVOMOTORS WITH D.C. TACHOMETERS ° A.C. AND D.C. TACHOMETERS frequencies.—T he Bristol Company, 
D.C. SERVO SETS °* RESOLVERS Waterbury 20, Conn. 
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* A Trademark of DIEHL MANUFACTURING COMPANY 
For more information circle 76 or 
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DECADE CAPACITANCE UNITS 


New Types 980-G 

~ and 980-H are new as- 

| semblies of Type 505 

capacitors to furnish 

decades of 0.01 uf and 

0.001 uf per step, re- 

spectively. New Type 

980-P1 Switch, used in 

these decades and also 

available separately, is 

a low-capacitance, low- 

loss unit. Illustrated: 

Type 1419-K assembly 

of three decades with 

max capacitance of 1.11 

uf in steps of 0.001 uf, 

suitable for use as a secondary stand- 

ard.—General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 

Cus tere inioemat e 281 


VARIABLE TRANSFORMERS 


New line of quality variable trans- 
formers is announced. First unit is 
1.5-amp Model VT1R5; others will 

soon follow. All 
—~@ achieve high effi- 
& ciency through 
} unique core de- 
sign. Other fea- 
tures: (1) Brush 
arm carries no 
current; a pigtail 
shunts current 
from brush di- 
rectly to a large copper graphite slip 
ring; (2) internal stop prevents dam- 
age to brush and brush arm; (3) 
heavy rhodium plating on brush 
track; (4) reversible direct-reading 
dial.—Ohmite Mfg. Co., 3667 Howard 
St., Skokie, Ill. 
For more information circle 282 


1470 


CARRIER PREAMPLIFIER 


New Model 450-1100 
Carrier Preamplifier 
with integral power 
supply can drive opti- 
cal systems, tape re- 
corders, ‘scopes, ete.; 
will excite and accept 
outputs of resistance 
bridge, variable-reluc- 
tance pickups, differ- 
ential transformers, 
etc. Front panel con- 
trols include attenu- 
ator, calibration factor 
dial, calibration signal pushbutton, 
zero suppression, smooth gain, posi- 
tion and balance controls. Standard 
carrier frequency 2400 cps (600, 1200 
and 4800 cps optional).—Sanborn 
Co., Industrial Div., 175 Wyman St., 
Waltham 54, Mass. 
Far mnreavintarmanhan i 283 


DC AMPLIFIER 


New Model 1250 uses a_ unique 
signal compression method to prevent 
loss of data resulting from unexpected 


W&T 
ABSOLUTE , < 
PRESSURE Ay ,QxmereeettL 
INDICATOR , Pil 


RLU oe a i 


SERIAL NO. 
3008 6 





6" dial 


Measures pressure from 
ZERO ABSOLUTE 
to Atmospheric 


ABSOLUTE PRESSURE INDICATOR 


... For Precise Vacuum Work 


Accuracy: 1/300 of full scale 
Sensitivity: 1/500 in all ranges 
Ranges: 0-50mmHg. 0-100mm Hg. 
0-200mmHg. 0-410mm Hg. 
0-800mm Hg. 390-800mm Hg. 
Dial Sizes: 234” or 6” diameter for all ranges 
Write for Publication No. TP-28-A 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 


In Canada, Wallace & Tiernan, Ltd. — Toronto A-108-1 


Wal MERGHEN SUALE FEEDERS & METERS 


for Automatic Batch Control 
Continuous Blending 
Materials Accounting 


Control the feeding of ingredients by weight to an 
accuracy of 1%. 
Capacities range from 3 to 3000 Ibs. per min, 


WRITE FOR YOUR COPY OF OUR BULLETIN: 
“The Best Weigh is the Merchen Way.” 





WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9, NEW JERSEY 


n on: Pressure Indicator circle 81 on inquiry card; Scale Meters circle 144, 
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HASTINGS vacuum cauces 


SET NEW STANDARDS OF ACCURACY, STABILITY, RESPONSE 


some MODEL LV-1 @ Easy To Read Scales 
@ Unusually Long Life 
e@ Matched Gauge Tubes 
@ No Outgassing Or System i826 
Contamination over-scale input signals; features low 
noise level (3 uv) for 30 ke band- 


4 NEW (MODEL LV-1.) Measures width. Voltage gain 1000; 2-uv zero 


0-100 micron Hg. Single meter; large 4” stability. —Dynamics Instrumentation 
scale indicates vacuum directly without ad- Co., 1118 Mission St., S. Pasadena, 
justments. Internal voltage regulator takes Calif. 
care of fluctuations in line voltage. Ideal for f .t 284 
MODEL GV-3 VACUUM GAUGE Industrial Installations. Also available in 
5 ‘0-1000 micron and 0.1-20 mm Hg. ranges. 
(Shown at right with optional 5-posi- = LINEAR AMPLIFIER 
tion switching attachment) Range New fully-shielded Vantron 300, 
— sien gpa ciel capable of high power operation on 
: é Joh h ein CW, AM and SSB, is suited for single 
scale allow adjustment for use in 
presence of gases other than air, for 
leak detection, and for specialized 
laboratory use. 


r 


Evaluation by Users 


PROVES SUPERIORITY 


of Hastings Gauges 
Write 


HASTINGS- RAY DIST incorporate 9s 


HAMPTON 14. VIRGINIA side-band operation; features least 
number of tuning adjustments, sta- 
bility on all bands.—Transitron, Ine., 


186 Granite St., Manchester, N. H. 
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UNIFLOW Springless 
type 500 air to 


4 
open — air to close = 
— 1/2" to 12" pneu- 
matic or electric 


pneumatic 


electrical and elec- 
tronic components 


Presents the most complete line of 
Saunders patent type air operated control 
Valves. 





SILICON TRANSISTORS 


New ST400 and 2N389 high-power 
60-v silicon transistors with ratings 
to 80 watts feature low Res (typi- 
cally 1.5 ohm) enabling them to oper- 
ate at currents to 5 amp. Especially 
useful in servo-amplifiers, relay 
drivers, power switching applica 
tions, voltage regulators, etc. 
Transitron Electronic Corp., Wake 
field, Mass. 


In chemical, slurry, water treating and 
high vacuum installations, UNIFLOW 
Valves have fast become the most popular 
because not only are they low in cost, 
but highest quality requirements are met 
and maintained. 


UNIFLOW air operated control valves 
employ Saunders patent valve fea- 
tures—the valve that requires no 
stuffing box or stem packing. 


Why not learn 
how you can fill 
your difficult 
control valve 
needs quickly— 
economically. 
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H F POWER TRANSISTORS 


New transistors with power gain 
cutoff frequencies greater than 20 
ke can faithfully reproduce entire 
audible range; are said to combine 
for the first time all the character- 
istics necessary in design of true hi- 
fi amplifiers: 27-33 db of power gain 
(14-v supply) at 2 watts output, 10 
watts dissipation at 70°C base tem- 
perature, etc.; also afford advan- 
tages in certain digital computers 
and other fast-switching applications. 

-Clevite Transistor Products, Wal- 
tham, Mass. 


Representatives 

throughout the 
S.A. and 
Canada 


without 
positioner 


WRITE FOR BULLETIN 114R 


Uniflow Valve Corporation 
19 Quine St. ° Cranford, New Jersey 


ror rrr rrr rrr rrr ror ororr or 
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SILICON RECTIFIERS 


Eighteen new types of very-high- 
voltage (1500-16,000) cartridge silicon 
rectifiers, Series 1N1133 to 1N1149, 
operate at temperatures to 150° C; 
meet or exceed E1A specs; are vibra- 
tion-safe and shock-resistant as a re- 
sult of junction-bonding method of 
assembly. Paci fie Ne miconductors, 
Inc., 10451 W. Jefferson Blvd., Cul- 
ver City, Calif. 
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REGULATOR TUBES 


a New Series GV6C 
corona type regula- 
tors, for voltages from 
3500 to 6000, supple- 
ment and extend use- 
fulness of maker’s 
GV5C_ series; are es- 
pecially designed for 
military and other ap- 
plications requiring re- 
liable performance and 
long operational life, 
even under conditions 
of ambient tempera- 

tures from 55°C to 85°C.—The 

Victoreen Instrument Co.. Compon- 

ents Div., 5806 Hough Ave., Cleve- 

land 3, Ohio. 
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SILICON DIODES 


Five new high-current silicon pig- 
tail diodes, Types 1N536_ through 
IN540, feature excellent forward and 
reverse characteristics, whence high 
rectification efficiency. They are 
rated at 750 ma @ 50°C, and 250 
ma @ 150°C ambient, with peak in- 
verse voltage ratings of 50, 100, 200, 
300 and 400 respectively. Max full- 
load average voltage drop is 0.5; max 
leakage current 0.4 ma (full cycle 
average at 150°C). Physically: all- 
welded hermetically-sealed shock- 
proof housings with pigtail leads 
welded to terminals.—Jnt’l Rectifier 
Corp., 1521 EF. Grand Ave., El Segun- 
do, Calif. 
re ink » 290 


CONTROLLED RECTIFIER 


New. silicon 

controlled recti- 

fier features u- 

nique ability both 

to change ac to 

de and simul- 

taneously to con- 

trol volume of 

power fed into a 

load. Current de- 

velopmental mod- 

els can handle loads from 200 to 1000 

watts at a stud temperature of 

125°C. When switching at full rating, 

new controlled rectifier dissipates 

only 0.5% of controlled power.—Gen- 

eral Electric Co., Semiconductor 
Products Dept., Syracuse, N. Y. 
For r at ee ee - 291 ‘ 








RELIABILITY 
INSIDE 
THE 
BLACK BOX* 








FAIRCHILD'S POTS ARE 
TORTURE TESTED 


NLY FAIRCHILD TORTURE-TESTS 


1 out of every 100 Production Units 


Check These Additional Fairchild Reliability Features: 


FAIRCHILD tests a 1% Quality Control sampling from Production runs. 
These random sample units are fully tested under all environmental 
conditions to insure their reliability. 

FAIRCHILD has complete environmental test facilities and does not de- 
pend upon outside laboratories for these tests. 

FAIRCHILD Type tests as well as Quality Control tests are conducted 
under Air Force surveillance and with approved facilities. 

FAIRCHILD development units are tested to complete environmental 
exposure before they are released to the Production Department. 
FAIRCHILD makes use of pilot production runs to insure performance 
before full schedule production runs are made 

FAIRCHILD has a complete inspection set up including incoming, wind- 
ing. line and sub assembly inspection and 100% final inspection against 
customers drawings and specifications. 

FAIRCHILD Engineering sets up standards for materials and purchased 
parts in order to meet reliability requirements. 


FAIRCHILD has three modern air-conditioned plants. 


Only Fairchild Linear and Non-Linear Pots incorporate all of the 
above Reliability features. These High Reliability units can be 
had in 3%” to 5” diameters, single and multi-turn, in standard 
and high temp versions and with accuracies as high as .009%. 


For more information write Dept. 14A. 


RELIABILITY il 
INSIDE | 
THE 

TROLS CORPORATION 

BLACK BOX (ime aa 


225 Park Avenue 


Hickswille Lt on 
Potentiometers * Gyros * Pressure Transducers * Accelerometers 


* Built-in SAFETY FACTORS beyond the specs for reliability in Performance. 


For more information circle 84 on inquir 


April 1958—IJnstruments & Automation ~ Page 697 





PUT | 
YOUR TANK FARM 
AT YOUR & 
FINGERTIP - 





WITH 


" 


Wee ' 
PULSE 


C0 TELEMETERING 








FOR REMOTELY INDICATING: 
Liquid Level to 14%” increments 
Temperature from spot or averaging temperature bulbs. 
Positive Displacement meters 


Alarm — visual and audible signals — for Hi-Low Liquid level 
and malfunction of valves, motors,etc. 


“Specific Gravity 
*Pressure 
ADDITIONAL FEATURES INCLUDE: 
Fingertip Control of electric motor or solenoid operated valves, etc. 


Automatic Tank Scanning at predetermined intervals for liquid 
level and temperature. 


Receiver Output suitable for automatic data logging equipment. 

* These two items are available on special order only and 
indicate the versatility of the Pulse Code Telemetering Systems. 
Write for Bulletin CP-3012 on “Varec” PULSE CODE Telemetering. 


THE VAPOR RECOVERY SYSTEMS COMPANY 


Compton, California, U.S.A. 961-26 


Cable Address: 
VAREC COMPTON CALIF. (U.S.A.) All Codes 
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RELAYS WITH REMOVABLE 
DUST COVER 


New removable metal enclosures 
are available for Class 22 Relays, 
when mounted on customer’s. strip, 
panel or chassis.—Magnecraft Elec- 
trie Co., 3350L W. Grand Ave., Chi- 
cago 51, Ill, 
For f 292 


HIGH TEMPERATURE RELAY 


New improved PW sensitive min- 
iature-tube sp-dt relay has high shock 
and vibration resistance, can oper- 
ate up to 125°C or 257°F. It oper- 
ates on 40 milliwatts under 30-G 
shocks and 10-G vibrations to 500 eps. 
Where high shock and vibration re- 
sistance is not required, it will oper- 
ate on 25 mw. It will control up to 
6 amp. Balanced armature permits 
mounting in any position.—Potter & 
Brumfield, Ine., Princeton, Ind, 


FIVE-POLE POWER RELAY 


New 400-cps 
Series 26 fea- 
tures 5p-dt con- 
tacts, 125°C oper- 
ation, high volt- 
age breakdown; 
available in both 
open and hermet- 
ically sealed ver- 
sions.—NKurman Electrie Co., 191 
Newel St., Brooklyn, es |e 
f t 294 


1853 


MINIATURE CLUTCH 


New Model CF electromagnetic 
clutch features fast response, zero 
blacklash, high efficiency per unit 


weight, and vibration resistance per 
MIL-E-5272A; operates on de and 
will perform efficiently on full-wave 
rectified ac ‘without filtering. Four 
sizes with minimal torque ratings of 
2, 8, 16 and 32 ounce-inches. Special 
voltage, mounting methods and shaft 
configurations can be provided.— 
Autotronics Inc., Rt. 1, Pox 812, 
Florissant, Missourt. 
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SMALL HIGH-TORQUE MOTOR 


New high-torque miniature Actu- 
ator Motor operates between —100°F 
and 500°F at 60 or 400 eps ac or 
pulsating de; starts and stops “in a 





microsecond” and starting torque | 

is equal to running torque. Among | ACCcO 

applications: rotary selector for ee 

wafer, coaxial or other types of Helicoid 

switches; remote control switching 

and homing devices; valve operation; 

electric counters; power stepping 

switches; indexing devices.—The Nothing but the best in gages for working pressures from 30” vacuum to 10,000 p.s.i. 
Viking Tool and Machine Corp., 20 

Main St., Belleville 9, N. J. 


© A or sui cv These details of Helicoid gage design 
PRINTED CIRCUIT CONNECTOR assure longer life and enduring accuracy 


New connector’s receptacle features 

floating bobbins which compensate 

Por s , ccols % on oh Patented in the U.S.A. and in foreign countries 

for any misalignment between it and U. 5. Patente: No. 21904, 2206889 
The tension in the stain- 
less steel hair spring 
maintains smooth, con- 
tinuous contact between f The cam sector is alumi- 
the cam facing and the i num—to reduce inertia 
helicoid roller. if to a minimum. 


‘ 


Standard bush{nos are 


aoe. Sine f graphited Bakelite. 


1889 

: : . The roller is stainiess i 
printed board: when misaligned ated} with a highly pole . a 
board strikes chamfer at each end ished helicoid surtace. | ; SF 
and along inside edge of receptacle a ae \ 
SaWNtNE Bancwbwale alstic oe ies : "ei a om The connecting link 
cavity, receptacle shifts on its bobbins ® > ~ and (el icecuel ae 
anc allows boar > or Lavity hardened K Monel. 
and all ws oard to enter cavity. “rtis: sollghio ticle Laka) 
Available in 10, 15, 22 and 28 single- shaped. and rides on a The polished cam 
row contacts and 30 and 44 double- arene a eats Gaus bonitaan The link adjusting screw 
row contacts.— Viking Industries, Ine t 1 wiles 6 dlatont is at the rear to facili- 

‘Saale 9. : ‘che he he hairline pointer ad- " tate calibrating the Hel- 

21348 Roscoe Blvd., Canoga Park 2, a di is stain- icoid Gage. 
Calif ess steel. ’ 

a . 
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The superiority of Helicoid Gages is most evident in severe 

service — wherever a gage is subjected to violent pressure pul- 
MICROMINIATURE CABLES 5 ine ite nieaiiediins dabei cea lag ii ABaiiat tibiae 
AND C E sations or severe mechanical vibrations. 

ONNECTORS The sustained accuracy of Helicoid Gages over millions of 


New “Twinax” consists of 160-ohm, cycles is explained by ,the details of design and construction 
con Seen ee eee sf the Helicoid movement shown above. Such Helicoid fea 
jacketed conductors; connector is of the Caco tins ee re ; ay : " 

tures— protect against wear and corrosion and assure sensi- 
tivity, sustained accuracy and trouble-free operation. 


The Chemical 
Gage 
The Helicoid Chemi- : : ‘a . 
cal Gage has a guar- od Tubes built for 
: ‘ anteed accuracy of - 1 millions of 
slide-on type keyed for polarity. plus or minus 1°. It ; 4 sense 
*%New “Triax” is 50-ohm double- is applicable for work- 7 - & P R 
shielded coax with insulation between ing pressures from 30” ‘ E pulsations 
shields and is jacketed; connector is vacuum to 5000 p.s.i. ' To fit the wide range of applica- 
screw-type.—Microdot, Inc., 220 Pasa- and temperatures to tions, Helicoid Bourdon tubes 
dena Ave., South Pasadena, Calif. 400° F. It is particularly suitable * are available in four materials 
eo intorniation-cinclacaee - ; for chemicals and other viscous) | alloy steel, K Monel, stainless 
fluids which might clog or corrodea = —_— steel and phosphor bronze. 
Bourdon tube. Pressure and or : All Helicoid tubes are made 
STANDOFF TERMINAL vacuum is transmitted directly to ~ from seamless tubing and are 
the indicating gage element through - carefully designed to give maxi- 
New insulated standoff electrical deflection of a Teflon or Kel F seal- == mum torque and minimum 
terminal is the first to operate at ing diaphragm. © stress. When used within the 
1000°C and will also maintain its dial range, they will withstand 
electrical function in an environment ‘ ip : = many millions of pressure pul- 
in which electronic equipment will For complete information on sations and will not stretch, 
operate in conjunction with a nuclear the Helicoid line of gages write — leak or crack. 
eee ere High-strength a for Cong: OF Helicoid gives you all these features at prices that 
brittle alumina insulator withstands P nro are competitive in the qu4lity gage field. 
over 1000°C and 400,000 pis compres- 2 ayaa 
sion. Resistivity at 25°C is greater i ae i li H ivies 
than 10'* ohms/cem*; at 900°C, 4 x 10° » He icoid Gage Division 
ohms/cem*.—Litton Industries Com- f AMERICAN CHAIN & CABLE 
ponents Div., 5873 Rodeo Rd., Los ss 
Angeles 16, Calif. ~ sos 929-BConnecticut Avenue + Bridgeport 2, Connecticut 
For more information circle 299 on car 
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MINIATURE COUPLING 
New “Maxflex” for servo and in- 
strument applications accommodates 
fy” radial, * axial and 15° angular 


eer 2 Sor enmeeeeeree: 


. 


misalignment without backlash o1 
error; obviates tight location toler- 
ances, utilizes balanced-construction 
universal joints with no springs, piv- 
point contacts. Available in 
4” male, %” and 3” female.—Para- 
metrics, P. O. Box 629, Costa Mesa, 
Calif. 


ots or 


300 


MINIATURE MOLDED PARTS 


New “Pee-Wee” plastic injection 
molding process makes available tiny 
precision custom-molded parts in 


quantities of 100 or more, in thermo- 
plastic material such as Nylon, poly- 
styrene, polyethylene, etc. Max length 
14%”; max weight 312 grams (4% 
ounce); min wall thickness is 0.008”. 

Pee-Wee Molding Corp., 1720 Aft- 
lantic Ave., Brooklyn he eee 

f 301 


COMPRESSION FITTINGS 


New Presslok Nylon fittings pro- 
vide an anti-corrosive positive anchor 
as original or replacement compo- 


» « : Y 


nents, in hydraulic and pneumatic ap- 
plications using brass, copper, alumi- 
num, steel or Nylon tubing, without 
damaging or distorting the tubing; 
stand up under 1200 psi; feature 
easy installation in seconds after hole 
is drilled. Available in 7 OD sizes 
from %” to %”.—Nylon Molding 
Corp., 141 South Ave., Garwood, N. J. 
F rT nformarion rcle 302 nm ing y 3 
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EXPANSION BELLOWS 


New line of 
expansion  bel- 
lows for volume- 
tric displacement 
applications 
(such as absorb- 
ing expansion of 
oil in filled sys- 

tems) combines great flexibility with 
low spring rates and low stress, per- 
mitting volumetric size reduction 
of 50°: or more over conventional 
types.” Illustrated is a 4%” OD unit, 
0.084” solid height, spring rate 20 
lb/in, providing a total displacement 
of 0.5 cu in. Larger sizes up to 700 
cu in displacement.—Belfab Corp., 
Agawam, Mass. 

' 303 


valves, etc. 





SOLENOID VALVES 
New SV-4900 low- 
cost multi-purpose 2- 
way (normally closed) 
solenoid valves feature 
a unique plunger seal 
design with a soft rub- 
ber seal which assures 
bubble-tight sealing; 
are available in 744” 
orifice rated at 130 psi 
max, and 0” rated 60 
psi max.—Valcor Engineering Corp., 
Carnegie Ave., Kenilworth, N. J. 
ton circle 304 on 


QUICK-ASSEMBLY H-P VALVES, 
FITTINGS AND TUBING 


New Quick Connect Ermeto stain- 
less-steel valves and fittings for fast 
assembly and high-pressure set-ups 

to 10,000 psi re- 

duce set-up time; 

require no 

threading or bev- 

eling: tubing is 

cut to desired 

length and _ in- 

serted into open- 

ing; a nut and 

§ an internal sleeve 

lock tubing se- 

curely, complet- 

ing assembly. With proper care, 
joints can be made and broken many 
times without impairing efficiency of 
joint.—American Instrument Co., 
8030 Georgia Ave., Silver Spring, Md. 
F ‘ formation circle 305 on inquiry card. 


LINEAR ACTUATOR 


New Lineatrol positions valve or 
other final element in exact propor- 
tion to a control signal. It comprises 
a gearmotor with a built-in pot re- 
sistor to produce a remote indication 
of position or for use in automatic 
control circuits. Thrust forces up to 


O4¢€ 
1000 Ibs; wide variety of stroke 
lengths and stroking rates. Lineatro! 
can be furnished without built-in pot 
resistor.—The Jordan Co., 3235 W. 
Hampton Ave., Milweaukee 9, Wis. 
f y¢ 306 


nucleonics 





ROOM-AIR MONITOR 


New instrument designed for moni 
toring room air to detect presence of 
minute quantities of radioactivity 
will detect alpha, beta, and gamma 
radiations, utilizes a Beckman Model 
Vo micromicroammeter which can 
monitor air samples from up to 20 
rooms.—PReckman/Process Instru- 
ments Div., PAOO Fullerton Rd., Ful 
lerton, Calif. 

f 307 


MONITORING SYSTEM 


New RAM (Remote Area Monitor- 
ing) system gives automatic alarm 
when radiation reaches high or dan- 
gerous levels; is built to AEC specs; 
unitized construction. Ranges can be 
tailored to application. In general, 
standard units cover any three con- 
secutive ranges of gamma _ radiation 
hetween 0.01 mr/hr and 1,000,000 
r/hr. Six-decade range available. 
Beta-gamma range is from 1 mr/hr 
to 1,000,000 r/hr.—The Victoreen In- 
strument Co., 5806 Hough Ave., Cleve- 
land 8, Ohio. 
far we > é »? - e > 308 


DUPLEX RATEMETER 


New Model 412 Dual Rate Meter 
is a unique log and linear multirange 
ratemeter whose extreme accuracy 














over a wide choice of linear ranges 
allows use for the first time of rate- 
measuring instrument in many oper- 
ations now utilizing scalers. It will 
drive a recorder from both linear and 
log scales.—Baird-Atomic, Inc., 33 
University Rd., Cambridge 38, Mass. 
f r rcle 309 on inauiry card. 
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PULSE SPECTROMETER 


New Model C- 

2910 counts only 

those pulses lying 

within a selected 

channel or “win- 

= say dow’ defined by 

185% front panel con- 

trols; can provide from 750 to 2,000 

v; regulation 0.01% of ac line volt- 

age. Five ranges for both count-rate 

and integral modes of operation. 

NRD Instrument Co., 9842 Man- 
chester, St. Louis 19, Mo. 
f ’ f e 310 


RADIATION DETECTOR AND 
RADIO RECEIVER 


New Mode! 
P-1R combines 
a small light- 
weight gamma 
detector with 
a standard 
all-transistor 
radio receiver; 
is a result of 
suggestions 
from govern- 
mental agen- 
cies and civil- 
ian groups; 
features high 
sensitivity de- 
tection, background to 100 r/hr, loga- 
rithmic scales, self-contained ioniza- 
tion chamber, l-year mercury battery 
supply.—Riggs Nucleonics Co., 1699 
East Mendocino Ave., Altadena, 
Calif. 
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miscellaneous 
VACUUM BREAKERS 


New Type VB Series Anti-Siphon 
Vacuum Breakers’ prevent polluted 
water from siphoning back into po- 





FLOW go, | | NO FLOW 
table supply line where supply enters 
an appliance or fixture below over- 
flow rim.—Cash-Acme, P. O. Box 
191, Decatur, Ill. 


VITAL FUNCTION MONITOR 


New Vital Function Alarm continu- 
ously monitors iron lungs, rocking 
beds, ete., which go through a rhyth- 
mic cyclic sequence; can be easily 
adapted to patients with cardiac or 
respiratory difficulties. Alarm sounds 
and lamp flashes if normal cycle ceas- 
es momentarily, if there is a power 
failure, in event of short in pickup 


rd 


A faster, more accurate LOW-COST way 
to operate valves from an electrical signal 


ASKANIA 


ELECTRO-HYDRAULIC 
VALVE ACTUATOR 


For any sliding-stem control valve with 12” to 14%” 
stroke and requiring less than 235 Ibs. thrust, the 
Askania Model RF-697 Electro-Hydraulic Valve Actua- 
tor uses the famed Askania Jet Pipe Principle to give all 
the advantages of hydraulic valve operation from a low- 
level AC or DC signal. Standard range is 1 to 5 ma. DC. 

The compact housing, only about 13” in diameter, con- 
tains the entire operating mechanism—signal system, Jet 
Pipe relay, pump, motor, work cylinder, valve position 
feedback, and oil reservoir—even the rectifier for AC 
signals. There are no gears or complicated linkages. It 
mounts directly on sliding stem control valves; with sim- 
ple adapters it can be applied to a butterfly or cock-type 
valve, or to other types of mechanisms. Hydraulic oper- 
ation is fast, positive, and precise. And Askania gives 
hydraulic operation straight-line simplicity, for easy in- 
stallation, low maintenance, and long service life. 

Only Askania, with a world of experience in adapt- 
ing hydraulic power and precision to automatic control 
problems, coal bring you this improved, compact unit 
at such an unbelievably low price! Mail the coupon to- 
day for all the facts about Model RF-697 oe other 
Askania Electro-Hydraulic Valve Actuators. 


ASK ANIA 


~~ 


i 
is 
ee 


Fi > 


me 


a 
= 


COMPLETELY 
SELF-CONTAINED 


& 
be. 4 


Above: Model RB-684 EHVA 
with a stall thrust of 1500 Ibs., 
valve stem speed up to .9 i.p.s. 


Below: Crank-type EHVA has 
stall torque of 4,000 in.-Ibs. 


Askania Regulator Company—A Subsidiary of General Precision Equipment Corporation 


STRAIGHT-LINE AUTOMATIC CONTROLS 1 
FOR INDUSTRY 


Pet tt me rn we ee ee eee ee ee eee eee ene ee 


Askania Regulator Company 
268 E. Ontario Street, Chicago 11, Illinois 


Please send me all the facts about Askania Electro- 


SYSTEMS ENGINEERING 
. 
VALVE ACTUATORS AND CYLINDERS 


HYDRAULIC POWER AND PRECISION Street 
FOR AUTOMATIC CONTROL 


Name...... 


Company 


Hydraulic Valve Actuators. 














AUTOMATED FOR 


CONTROLLED FLOW 


ROCKWELL 


BUTTERFLY 
VALVES 


Standard butterfly 
valve with simpli 
fied bracket and 
linkage to air dia- 
phragm operator 
and valve dise po- : 
sitioner: provides £4 
maximum  adjust- § 
ment, minimizes 
friction, eliminates 
backlash, chatter 
and hunting, re 
duces power re- 





quirement in close 
control applic a- 
tions. 











Standard heavy 
duty butterfly 
valve with Limi- 
torque electric 
motor, decluteh- 
ing mechanism 
and handwheel 
for air. 2é 
ter orother fluids, 


ises, Wa- 








Threaded but 
terfly valve 


AF with “Robot- 
its air dia- 
MD phragm oper 


ator. 








Wafer butterfly 
valve machined 





from solid steel; 
flange faces to 
300% ASA: link- 
ed to air cylinder 
and disc position 
er; for saturated 
steam flow at 200 


Roch. well valves for LASES, liquids or 
solids are furnished with any approved 
operators and control devices to provide 
automatic proximate or remote opera- 


tion. Write for catalog. 


w.S. ROCKWELL COMPANY 


2128 ELIOT STREET 
FAIRFIELD, CONN. 
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cable, if operator connects system to 
patient or machine and forgets to 
turn it on.—Nelson Instrument Co., 
607 Howard St., Evanston, Ill. 


e 313 


PIPING TEMPLATE 


New No. 43 is designed for iso- 
metric piping layout drawings; allows 
fast and accurate drawing in the 
three planes of a perspective view. 
Over-all size 814” x 5%”.—Rapide- 
sign, Ine., Box 429, Burbank, Calif. 


» 314 


PLASTIC DEIONIZERS 


New two-cell D-Ion Master Deion- 
izers are available in seven sizes, rated 
at service flow rates of 5 to 120 gph. 
Each is shipped ready for ion-ex- 
change and adsorption problems or 
to supply demineralized water. Trans- 
parent construction permits observa- 
tions of resins during operation.— 
lon Evechange Products, Ine., 9349 S. 
Chicago 19, Ill. 
315 


TELESCOPE 

New Swiss Al- 
patir feather- 
weight but shock- 
proof scope, for 
shooting ranges, 
etc., as well as 
for astronomical 
use, has inter- 
changeable eye- 


Cottage Grove Ave., 





3 7 


pieces for magnifications of 28, 45 
or 55 ». Telephoto and other acces- 
sories.—Karl Heitz, Inc., 480 Lexing- 
ton Ave., New York 17, N. Y. 

316 


LIGHT SOURCE 


New Trans-Luminator for exposing 
printed circuits, for projection print- 
ing of negatives, etc., produces a cool, 












1607. 


even, and highly actinic light (4500-A 
peak). In speed of exposure it is as 
fast as carbon are lamp, or faster, but 
consumes only 1/10 of power. Sizes 
from 12 x 12” to 32 x 36”.—Aristo 
Grid Lamp Products, Inc., 65 Harbor 
Road, Port Washington, L. I., N. Y. 
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H- SPEED, DYNAMIC 


iGITAL 
MODULES 


Build your high-speed comput- 
ing and digital control equip- 
ment with COMPUTER 
CONTROL T-PACs, high- 
speed dynamic digital modules. 


HI 


sPACS 


are a transistorized family of 
1 megacycle dynamic logical 
circuits. Twenty-nine T-PACs, 
plus a transistorized plug-in 
power supply, mount in a 
standard 5% inch rack panel 
space. The basic LOGICAL 
ELEMENT T-PAC, model LE- 
10, can serve any one of a 
variety of functions, such as— 
amplifier, inverter, driver, buf- 
fer, flip-flop, counter stage, 
gate, frequency divider, half- 
adder, shift register stage... 








































Typical applications of T-PACs 
data handling e 
control @ 
instrumentation @ 
computing systems @ 
Write for illustrated 16-page Catalog T. 


COMPUTER CONTROL CO. Inc. 
92 Broad St Wellesiey 57. Mass 
2251 Barry Ave . Los Angeles 64, Cai 





For more information circle 91 on inquiry card. 











RIGID 
SPRING 
SPECS? 


p* 
st 
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We're used to them here at 
John Chatillon & Sons. Speci- 
fications calling for incredibly 
close tolerances and little- 
known alloys are capably met 
by experienced hands and 
brains. 

When the machinery you de- 
sign calls for precision springs 
seemingly not available, con- 
sult with the Spring Engineers 
at John Chatillon & Sons. 
You'll save time, and get 
springs designed for your most 
exacting needs. 

Over 120 years of experience 
and training await your call. 
Get into the habit of contacting 
Chatillon... Write Depart- 
ment D-3. 


BS CLIFF STREET, NEW YORK,NY 


Manufacturers of Precision Sprin 


Measuring Instruments Since 


For more information circle 92 on inquiry card. 


last-minute items 





SELENIUM BATTERY CHARGER. New 
improved tubeless Selenicharger for 
heavy-duty applications, in sizes from 
5 to 1,000 amp for batteries from 6 
to 230 volts, is completely self-pro- 
tected and completely automatic in 
operation.—American Rectifier a 
95 Lafayette St., New York 13, N. Y. 
} more nforr 7 n e > 318 } j 


CABLE FAULT LOCATOR. New 
“Thumper” pinpoints defective insu- 
lation determined through high-po- 


tential testing of electric power ca- | 


bles, or faults developed in service. 
Precision is achieved regardless of 
length of cable._-Associated Research, 
Inc., 3777 W. Belmont Ave., Chicago 
18, . 

F e 319 


SOLVENT. New Gyroclean Solvent! 


113, specially purified  trichlorotri- 
fluoroethane, fills need of makers of 
gyroscopes and other precis ion in- 
struments; is said to have “the best 
combination of properties of the cur- 
rently available solvents commonly 
used for such cleaning purposes.” 
Bacon Industries, Inc., 192 Pleasant 
t., Watertown 72, Mass. 

f more information circle 320 


VALVES FOR 0.E.M. New series of 
0-250 psi manual four-way air and of! 
valves are priced for original equip- 
ment manufacturers.—Barksdale 
Valves (Control Valve Div.), 5125 
Aleoa Ave., Los Angeles 58, Calif. 

on circle 321 on inquiry card. 


For more informat 


INSTRUMENT MOTOR. New Type 
B subfractional-watt miniature dec 
instrument motor weighs about 2 
oz; is of unique design: neither re- 
volving windings nor sliding commu- 
tator contacts. Operates on about 12 
ma @ 4% to 6 vde.—-Brailsford & 
Co., Inc., 670 Milton Rd., Rye, N. ¥. 


For more information circle 322 on inquiry card 


STEAM METER. New pressure-com- | 


pensating counter box enables Shunt- | 


flo meter to register consumption ac- 


curately in pounds of steam even | 
when major pressure fluctuations oc- | 
cur. Can be installed on Shuntflo | 
-Builders- | 


meters now in_ service. 
Providence, Inc., 345 Harris Ave., 
Providence 1, R. I. 

For more information circle 323 


INSTRUMENT FUSES, subminiature, 


hermetically-sealed in glass tubes 


with lead-ins for miniature circuits, | 


etc. Two sizes: 0.140” x Oe 1/20 
to % amp @ 125 v; 4” x 58”, 1 to 5 
amp @ 32 v.—Bussman Mfg. Div., 
McGraw-Edison Co., University at 
Jefferson, St. Louis 7, Mo. 

rcle 324 on inquiry card 


For more information c 


SUBMINIATURE SHIFT REGISTERS. 


New transistor-driven 


combine wide operating tolerances 
with low peak power.—C K Compo- 
nents, Watertown, Mass. 

325 on inquiry card. 


For more information circle 


10-WATT RESISTOR. New RH-10 


subminiature precision wire-wound 


Type A-66, Wy | 
cubic inch, operate from 0 to 95 ke; 


CLOSES 
TIGHT 


regardless 


EVEN IF THIS 
DIAPHRAGM 
FAILS 


THIS DISC 
MAKES CLOSURE 
POSITIVE - SURE 


With Rockwell “D-D” Diaphragm Valves, you 
don’t depend on the diaphragm to seal and 
shut-off fluid flow. This is done by the tight 
seating disc which will always close even 
should the diaphragm rupture in corrosive, 
abrasive, vacuum or other service. 

The diaphragm serves a single purpose: 
to seal the valve’s operating mechanism. It 
can be replaced without removing the valve 
from the line. 

Rockwell “D-D” Valves provide other ad- 
vantages: low closing torque; low pressure 
drop; high capacity; minimum maintenance. 
Available with lined and unlined bodies; 
flanged, threaded or with union ends. Get 
Bulletin 800. 


You're SURE = You're SAFE 
with ROCKWELL 
“D-DD” VALVES 


W.S. ROCKWELL COMPANY 


2128 ELIOT STREET 
FAIRFIELD, CONN. 


For more information circle 93 on inquiry card. 
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Rotovalves ° Ball Valves ° 


Vaives 


Page 7 
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Photographer Bernard Hoffman found even the free flow of CO, from a 
cake of dry ice is difficult to control. 


Controlling Flow 
in Fluid Engineering 


To tame and control flow accurately, you must relate it to 
pressure, volume, turbulence and other variables. That’s 
when you can look to the engineering leadership of 
S. Morgan Smith. 

Butterfly valves are a good example. For the majority of 
processing situations, a wide range of standard R-S Butter- 
fly Valves are assembled from stock for fast shipment. 
But for special fluid control problems, one or more can be 
applied to solve your needs. Standard or special, all R-S 
Butterfly Valves give you uniform flow control through all 
positions in the normal regulating range. You get minimum 
turbulence and pressure drop, save on pumping power be- 
cause of simplified design and streamlined vanes. Compact 
and light in weight, they give you quick regulation and 
tight closure. 

To learn more about the complete SMS line of Rotovalves, 
Ball and Butterfly Valves, call on our nearest representa- 
tive. For information on special engineering, write 
S. Morgan Smith Co., York, Pa. 


HYDRODYNAMICS 


S. MORGAN SMITH 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


R-S Butterfly Valves” « 
¢* Liquid Heaters *« Pumps « 

oa Bes Se per ee ee ey en 
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Free-Discharge 
Hydraulic Turbines & Accessories 


NEW INSTRUMENTS 





power resistor is contained in a black 
anodized aluminum housing with radi- 
ating fins. Values from 0.5 to 30,000 
ohms.—-Dale Products, Inc., Colum- 
bus, Neb. 

Co) loans sekesh ivi at crcle 326 


PUSH-PULL PLUGS. New DM9700 
Series rugged miniature electrical 
push-pull plugs lock and unlock in di- 
rection of plug travel without lock- 
wiring or twisting and without bayo- 
net or coupling nut..-The Deutsch 
Co., 7000 Avalon Blvd., Los Angeles 
3, Calif. 

re infor - 327 


HOIST SAFETY. New open-throat 
hook Dyna-Switch stops crane or 
hoist overloading by cutting off 
power.—W. C. Dillon & Co., Ince., 
14620 Keswick St., Van Nuys, Calif. 
a er aaa ay » 328 


INSPECTION GLASS. New 3 D 5 Opti- 
caid spectacle loupe magnifies 3 times 
at arm’s length; has separate lenses 
for each eye; gives magnified vision 
in three dimensions._-Edroy Products 
Co., 480 Lexington Ave., New York, 
N.Y. 

rv e 329 


CONNECTOR KIT. New lab kits con- 
tain assortments of microminiature 
coaxial connectors; are available for 
50, 75, and 95 ohm work; come in 
6-drawer plastic cabinets.—-Electro- 
Physics Labs, 2065 Huntington Dr., 
San Marino, Calif. 

c y re niarma An rir e 330 _ nguir 


ELECTRONIC DATAPLOTTER. New 
3033 B-LP accepts digital data pre- 
sented to it in the form of punched 
cards or punched paper tape, and then 
records it graphically with an ink 
drawing on 30”"x30" paper.—FElec- 
tronic Associates, Long Branch, N. J 
Pie eae e 332 6n ina 


FUSED QUARTZ, heretofore generally 
available only in standard cylindrical 
ingots, now can be forged into special 
shapes which enable quartz users to 
eliminate up to 950% of their wastage. 
Engelhard Industries, Ine., Hill- 
side, N. J. 
e inf 332 


MINIATURIZED SHIFT REGISTERS. 
New Minibits, with operating rates 
up to 500 ke and above, feature % 
cubie inch per binary digit.—Epsco 
Components, 108 Cummington St., 
30oston, Mass. 
re informat ‘cle 333 


PHOTOELECTRIC CONTROLS, New 
subminiature (over-all length %”) 
are for use with company’s IRC-5 
control relay.—ESS Instrument Co., 
Dept. -, ‘Ber sr agerseem No OY 

For more ation circle 334 


Two new stainless steel Ther- 
moswitch units provide both resist- 
ance to corrosion and higher temper- 
atures than previous designs.—Fen- 
wal Inc., Ashland, Mass. 

For more information circle 335 on 


songetren- “RESISTANT THERMO- 





DUCTILE BISMUTH of high purity in 

strip, grid and film form for Gauss 

and Hall measureme nts; also in two Step! S tom e ature ‘Coatrel 
alloys formed into wires for thermo- S mt r 

couples. Fitzpatrick Electric Supply 

Co., 444 Irwin St., Muskegon, Mich. 


fe TUBELESS, MULTI-LOAD 


CEMENT SAMPLER KIT contains 14 
different types of special cements, Improved Model JS Series GARDSMAN 


offers solutions to surface joining Stepless Controllers by WEST. One 
problems in research, development Instrument Handles a Range of Wattage 
and production. Each bottle has its Requirements. 

own applicator.—General Cement 

Mfg. Co., 400 S. Wyman St., Rock- 

ford, Il. 
Y f 337 


MICROMINIATURE CAPACITORS. 
New slug- type microminiature Tanta- 
lytie capacitors are polar units that 
permit higher microfarad ratings than 
can be obtained by wire-type units of 
tia same case size. Ratings from 1 to 
20 vde; 0.1 to 16 uf.-General Electric 


Co., Schenectady 5, N 
Epes biapsesaacharhin ” ae Pears %* Closest Control %* Manual Reset 


> 338 
%*% Save power * Simplest Operation — 

COMPUTER GRADE CAPACITOR. New One Knob 
de Alumalytic capacitors, designed * Prolong Heater Life 
specifically for circuits demanding %* Least Maintenance 
highest reliability, are rated from % Adjustable Band 
30,000 uf at 10 vde to 1,000 uf at 450 
vde and will operate from 20°C to 
65°C.—-General Electric Co., Schenee- Without tubes or relays, this unique 


tady 5, N. Y. instrument modulates input to suit de- WW e § T : /, if, PA 
F e inf t 339 ; mand. Proved in wide use. Write for a MITC EH TA 
Bulletin JS. CORPORATION 
MICROMINIATURE RELAY. New her- PIT at 
metically-sealed dp-dt de Type GS has 4355 W. Montrose Ave. 


0.2” spacing of its & terminals (2x4) Chicago 41, Illinois 
to mate with new 0.1” spacing on 9 x f 

printed circuit boards..—General Elee- ni A laa For more information <oait mam — cabs 
tric Co., Schenectady i. ¥ | 


SALES OFFICES IN PRINCIPAL CITIES 





SUB-FHP MOTOR, New RBD-25 vari- | oF of —f od BF Fed a) 
able-speed subfractional-hp de motor | a 
is available in 0.5 oz-in and 1.0 oz-in | ‘aheal oS by. ait a 


models, both 115 vde, 1800 rpm. 
Holtzer-Cabot Motor Div., 125 Amory 
t., Boston 19, Mass. 


TRADEMARK 


341 


eee ee ed Industry's preferred “instrument of a thousand 

OU Teebc teen io, ie hi —— | uses’. Accurate, rugged, versatile STANDARD 

rpm, infinitely variable. Various col- Elapsed Time Indicators. Synchronous motor drive. 

lets and quills available-—Home- Electric clutch controlled by manual or automatic 

strand Inc., 9 Addison St., Larchmont, switch or output of electronic tubes. Manual or 

N. Y electric zero reset. Units for flush panel mounting 
@ 342 on inguiry card or portable use. 





SILICON DIODES, New miniature all- Scate 
welded silicon power diodes are spe- Medel Divisions | Tetelizes Raney 


cifically designed for missile and air- 
borne equipment apeenann Inter- S-100 1/5 sec. 6000 sec. | -£.1 sec. 
national Rectifier Corp., 1521 E. : vy, 30 mi 1 
Grand Ave., El sarin Calif. a 7, er seve Dito 
For re information circle 343 on inquiry cara SM-60 1/100 min, 60 min. +.002 min. 
$-10 1/10 sec. 1000 sec. +.02 sec. 


MULTICONDUCTOR CABLE. New flat S-6 1/1000 min. | 10 min. +.0002 min. 
Polystrip, available in widths up to 

51 conductors, is 80% lighter in S-1 1/100 sec. | 60 sec. +.01 sec. 
weight and saves preparation and MST 1/1000 sec. | .360 sec. +.001 sec. 
assembly time by approximately 

90% over a conventional cable.— MST-500 | 1/1000 sec. | 30 sec. +.002 sec. 
International Resistance Co., 401 N. 
Sroad St., : Serre 8, Pa, 

For more information © 344 on inquiry card as : Request Bulletin No. 198. 


ee ee eee |e THE STANDARD ELECTRIC TIME COMPANY 
ps gaat cc yee vie ee e 89 LOGAN STREET © SPRINGFIELD, MASSACHUSETTS 


PANEL ‘MOUNTED 





















































For more information circle 96 on inquiry card. 
April 1958—Instruments & Automation--Page 705 














Cox 


Page 706 


New COX 


Flow Indicator 


2% Accuracy 


The Cox Flow Indicator provides a dramatic new dimension 
in direct reading instrumentation. Where accuracy and 
reliability are essential at @ low initial cost, the Type 7 is 
the answer. 

The Indicator is for use with Cox turbine flowmeters or 
other transducers producing a frequency signal directly 
proportional to flow rate. It is available for readout in 
either volumetric or gravimetric units—with specific 
gravity adjustment. A span adjustment enables the Indicator 
to be calibrated to any particular transducer. Panel and 
portable models are‘available. 

A second model not shown, the Type 7B, provides 
accuracy of 1°% of flow 

We welcome the Opportunity to demonstrate the iy pe 7 
Indicator to vou, without cost or obligation, to prove its 
superior features. Cox Instruments Division, George L. Nankervis 


Company, 15200 Fullerton Avenue, Detroit 


3 
ned A new bulletin describ- 
ing the Type 7 Indica- 
tor is available. Ask 
for Bulletin No. 700 





Precision cmetemannnts Since 1912 
cle 97 on inquiry card, 


re rmation c} 
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Instruments 


NEW INSTRUMENTS 





from a +5 mv (<1 microwatt) input 
signal and also features good stability 
and high-output with low distortion. 
Available in standard RDB bands; 
packaged for airborne use.—Invar 
Electronics Co., 1749 N. Eastern Ave., 
hae a 82, Calif. 

For more information circle 345 or 


SAFETY VALVE. New No. 10 Safety 
Shutt-off Valve, originally developed 
for gasoline pump use, closes auto- 
matically in case of fire or accidental 
bumping. 1”, 144” ,and 2” sizes. 
Jordan industrial Sales Div., 6013 
ne Rd., Ctachanaes 13, Ohio. 

ore information circle 346 on ina 


SCINTILLATION CRYSTALS, Thallium- 
activated sodium-iodide crystals 
grown in ingots 5” D x 4” L plus a a 
90° conical end, can be supplied in any 
sizes and configurations derivable 
from this shape.—Levinthal Electronic 
Products, Inc., Nuclear Div., Stanford 
Industrial Park, Palo Alto, Calif. 
nore information rcle 347 on y 


RECORDING AND PLAYBACK HEAD. 
New Model 305 7-channel mag tape 
head, designed for 1” tape for stand- 
ard use, is adaptable to 14 channels 
by interlacing.—Lipps Engineering, 
1511 Colorado Ave., Santa Monica, 
Calif. 
For more informatior rcle 348 


EXPANDED-SCALE VOLTMETERS. 
Example, scale of a voltmeter used 
to measure values around 28 v covers 
26 to 30 v (0 to 26 eliminated). Avail- 
able in practically all sizes, shapes 
and ranges, with pointer deflections 
from 90° to 300°.—Miller Instrument 
Co., Inc., 165 E. Lincoln St., En- 
condido, | Calif. 
r more formation circle 349 on 


RANGE MARKER GENERATOR facili- 
tates calibrating radars and other 
time-based equipment by producing 
three separately indentifiable sets of 
time marks.—Missouri Research 
Labs, 2109 Locust St., St. Louis, Mo. 
F more information circle 350 “eared 


GAGE BLOCKS. Simplex set of 7 
blocks: #3”, % yw” 1%”, 1”, 2” and 
3”, and hardwood case. Guaranteed 
accuracy 6 yea one hes.—Opto- Metric 
ie Inc., 137 Varick St., New York 
N. Y. 
more informatior rcle 351 « 


STATIC INVERTER, Completely trans- 
istorized Model M-977 supplies de 
and ac power in target drones, 
operates from a 28-29-vde input to 
deliver outputs of 150 vde @ 140 ma, 
6.5 vac (400 cps) @ 2.1 amp, and 
—22% vde @ 50 ua.—Perkin Engi- 
neering Corp., 5 Segundo, Calif. 

For more information circle 352 on inquiry card 


TEMPLATE. New No. 58 large hexa- 
gon screw heads template contains 
cutouts for hexagons from %” to 2” 
and corresponding chamfer circles 
and symbols for side elevation of 
crown.—Rapidesign, Inc., P. O. Box 
429, Burbank, Calif. 
nore informnatior <rcle 353 or 





BLOW TORCH. New Model RV-2000 
provides a wide range of flame shapes 
from needle point to a wide brush.- 

Research Vacuum Supply Co., 6712 
N. Clark St., Chicago 26, Ill. 

For more information circle 354 on ir 


CHOPPER. New Model 50 transistor- 
ized electronic chopper or modulator 
is non-mechanical, inertialess, temper- 


Fa 
ature-stable; has wide dynamic range : if springs will be 


extending down to a fraction of a 

millivolt.—Solid State Electronics Co., 2 s 

8158 Orion Ave., Van Nuys. Calif, important in the 

For more information rcle 355 on inauiry —— s 

eee ene NEW products 

transistorized werpack converts 24 

to 30 “de ni eres 400-cps with an You plan to make ses 


output of 10 watts. Other models pro- 
vide for various de input voltages be- 
tween 19 and 100.—Standard Electric 


Time Co., 89 Logan St., Springfield, 2 
=e ee LEWIS has 
For more information circle 356 on in ; ea See 
: the experience, 
DC BRAKE, New shunt wounl d ¢ ee 
model of the Style HT70 Series offers 1 ted the organization 
’ g 


torque ratings from 10 lb-ft through 
105 Ib-ft. Standard and waterproof 


enclosures available-—Stearns Elec- - the facilities 


trie Corp., 120 N. Broadway, Milwau- 


ics een oe ~ to help YOU 
TELEMETERING TRANSMITTER. New : solve problems 


crystal-controlled Model 1474 for 

guided missiles, phase modulated 4 2 2 

to 6 watts; stability 0.005% of cen- ; in Design, 
ter frequency. Will withstand 125° - 

C and 100-G vibration and shocks.- i 

Telechrome Mfg. Corp., 28 Ranick , Production, 
Drive, Amityville, L. I., N. Y 


oes ule Sas and Purchasing 


SOLID TANTALUM CAPACITORS, New see fo conserve 


tan-TI-cap electrolytics, for use in 

miniaturized circuitry, reliability and ) is 

temperature stability are vital fac- : your time, effort 

tors, are ease available Ey a " 

ratings.—Texas Instruments, P. : 

x 15, Dalim, Fosee. — and lower your costs 


e 359 


TRANSFORMERS. New low-cost high- ; 

efficiency power transformers for use SPRINGS AND WIREFORMS 
with 12 to 14 vde transistor power f 

supplies deliver from 250 to 600 vde ARE OUR BUSINESS 

and provide 80°, to 85% efficiency 

for entire supply.—-Triad Transformer 

Corp., 4055 Redwood Ave., Venice, 


Calif idee onc Send Us YOUR Problem! 


f 

CONSTANT-CURRENT SUPPLIES, New 

Model CCS-1/1000 has load current 

range of 1 ma to 1 amp with 13 vde 

max across load. New CCS-.% has 

a load current range from 100 ua to 

5 ma with the same maximum voltage 

across load.-Ultradyne Inc., P. O. 

Box 3308, Albuquerque, N. M. a 

For more information circle 361 on inquiry card aa : — ~~ 

Fe 


ieee tii nisi dicaton LEWIS SPRING & MANUFACTURING COMPANY 
subminiature voltage dividing re- 2648 W. North Avenue, Chicago 47, Illinois 


sistor suitable for printed circuits, 
has a dial graduated radially for side Pr Rett st Conn 
reading and on end for end reading. @ 
Resistance range is 0.5 ohm to 0.25 § P R | Ni G s 
megohm. Wattage dissipation 1 watt ; ; 
at 40°C.—Waters Mfg., Inc., Boston ee i 
Post Rd., Wayland, Mass. a 
For more information circle 362 on inquiry card The finest light springs and wireforms of every type and material 
For more information circle 98 on inquiry card. 
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Introducing... 


Fixed Field ~~ iyi en a Clutch 
Electric : 

Clutch 

wy 


Coupling 


In Miniature and Small Sizes 
Super compact for use in instruments or assemblies where space 
is at a premium and performance requirements are high. 
Three styles of Simplatrol Fixed Field Clutches ranging from 7/8” 
to 3.1/8” diameter. Torque output ranges from 10 oz. inches to 
100 Ib. inches. 


Simplatrol Diaphragm Makes The Difference! 

The only functional moving part in actuation of Simplatrol Fixed 

Field Clutches. 

When current is applied to magnet, the diaphragm yields as the 

armature is attracted to the rotor body. Engagement is extremely 

rapid, smooth and silent. 

The Simplatrol principle has been proved by years of use and 

features a minimum of parts to maintain or replace 

Ask for literature and recommendations on Simplatrol Fixed Field 
Miniature and Small Electric Clutches and Brakes. 


Ld 
‘77, hatrold o:0c0: corp. 
24-8 SALISBURY ST.. WORCESTER, MASS 
Representation in Key Incustr:al Areas 


99 





ACCURATE WEIGHTS 
are a MUST for Profit!! 


w/ 44, y R 
Fbozszbegi8 ELECTRONIC 
SCALES Will Increase 


YOUR PROFITS!!! 


FOR INFORMATION 
ON ELECTRONIC 
WEIGHING OR 
ELECTRONIC SCALES 
TO FIT YOUR SPECIAL 
REQUIREMENTS 
CHECK THE TYPE 

OF SCALE YOU ARE 
CONTEMPLATING 
AND FULL DETAILS 
WILL BE FORWARDED 
BY RETURN MAIL. 


ELECTRONIC 
CRANE SCALE 
TANK SCALE 
TRUCK SCALE 
R.R. TRACK SCALE 
HOPPER SCALE 
LARRY CAR SCALE 
OTHER (Explain) 








Send To: 


STREETER-AMET COMPANY 


GRAYSLAKE, ILLINOIS 
THE STANDARD OF ACCURACY SINCE 1888 


For more information circle 100 on inquiry card. 


Page 708—Instruments & Automation—V ol. 31 


new plants and mergers 


GENERAL ELECTRIC CO. will construct a permanent 


plant for its Computer Dept. near Phoenix. Arizona. 


DREXELBROOK CONSULTING SERVICE, a new firm. 
has been set up at Abington, Penna. for consulting in 
the instrument. automation and control fields. The owner 
is Fred Maltby. well-known instrument specialist, 


E. C. SMITH MFG. CO. has relocated in larger head 


quarters at Conshohocken, Penna. 


AMERICAN OPTICAL CO. has added the line ot PAT- 
WIN analvtical instruments to its line of seientifie in 
struments. 


NATIONAL TANK CO. oil field equipment will be im- 
plemented by acquiring INSTRUMENTS, INC., manufae- 


turers of electrical controls and automatic equipment. 


GENISCO, INC. has formed a new subsidiary, GENIS- 
TRON, INC., to design and manufacture precision eles 
tronic filters used in missile and aircraft applications. 
MIDWESTERN INSTRUMENTS has purchased a_ third 
company. Modern Art Metal Finishing Co., as part of a 
major plan for adding essential elements to facilities over 
which it will exercise complete quality control. 
DRESSER INDUSTRIES’ European affiliate, DRESSER 
A. G., announces expansion of its SIE (SOUTHWESTERN 
INDUSTRIAL ELECTRONICS) DIV. 


BENDIX AVIATION CORP., Pacifie Div.. has opened an 


analog computing facility in the Systems Analysis Branch. 





Packed with 
helpful valuable 
data on the 
complete line 
of Comar \ 
relays, 
solenoids, 
coils and 


switches. 


ay 








LE OUMOD «R10 company 


3349 ADDISON ST CHICAGO 18 ILLINOIS 


RELAYS © SOLENOIDS © COILS * SWITCHES * HERMETIC SEALING 
For more information circle 108 on inquiry card 








DIGITRAN CO. —> & 


<—TESTING 
MACHINES, INC. 


TESTING MACHINES, INC. has moved into enlarged 
facilities and offices at Mineola. L. 1. 

DIGITRAN CO., formerly known as the ANATRAN 
DIV. of ENDEVCO CORP., has moved into new head- 
quarters in Pasadena, Calif. 

HIGH VOLTAGE ENGINEERING CORP. has acquired 
controlling interest’ in ELECTRONIZED CHEMICALS 
CORP. 


ENGINEERED ELECTRONICS CO. will represent AD. 
AURIEMA, INC., major export organization in electron: 
ics, on a world wide basis. exclusive of the U.S... its 
possessions and Canada. 

RAMO-WOOLDRIDGE CORP. and THOMPSON PROD- 
UCTS, INC. jointly announce formation of a new sub- 
sidiary corporation. THOMPSON-RAMO-WOOL- 
DRIDGE PRODUCTS, INC. 


RADIATION INSTRUMENT DEVELOPMENT LAB., INC. 
is again expanding its facilities to enable greater produc- 
tion of nucleonic equipment. 

ORRADIO, affiliate of AMPEX CORP., has placed its 
new half-million dollar magnetic-tape plant into opera- 
tion. 


VAPOR RECOVERY SYSTEMS COMPANY has com- 
pleted its plant-wide expansion program at Compton, 


Calif. 


S16 =) =a WAN 
CHARTS 


ALL TYPES 


for Recording 
Instruments 





BEES Se ae BF 


~~ 


Charts for Ink, Electrical, Heat, Wax and Metallic 
Stylus-Recording. 

Special time numbering, perforations, and graphic design 
cycles available to meet unusual requirements. 

All Charts are produced under automatically controlled 
atmospheric humidity conditions. 

Our complete chart manufacturing facilities and wide 
experience have served and progressed with the instrument 
industry since 1908. 

May we help solve your recording chart problems? 


G U B EE L M yay PUBLISHIN 


COMPAN 
100-106 EAST KINNEY STREET, NEWARK 5, N. 








CAMBRIDGE 
>AMMA-RAY 
POCKET 
DOSIMETER 


This personnel monitor- 

ing instrument measures 

the cumulative exposure 

to gamma or x-rays over 

a given period of time. 

The instrument consists 

of an ionization chamber, 

a quartz fibre electrome- 

ter and a graduated scale 

and viewing system. 

The charging unit comprises a 180 volt “‘B”’ battery, 

-—4y a1% volt “A” battery, a flash- 

light bulb, the well for insert- 
ing Dosimeter, and the charg- 
ing control. 


SEND FOR BULLETIN 300 G.D. 


Cambridge also makes the Linde- 
mann-Ryerson Electrometer, with 
power rectifier and portable pro- 
jection viewer. 


CAMBRIDGE INSTRUMENT COMPANY, INC. 
3554 Grand Central Terminal, New York 17, N. Y. 


PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 
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FOR ACCURATE 
PRESSURE 
MEASUREMENT 
IN OUNCES OR 
INCHES OF WATER 


Marshalltown Figure 83 is on extremely sensitive gauge that 
uses a carefully seasoned bronze diaphragm to accurately 
measure very low pressures. It is used extensively on many 
types of natural gas installations for checking low pressures. 
picinennseenEnenreRnm 
Available in standard dials (reading Write for details 
in inches of water) 0-15” -0-30” -0-60” 
-0-100” -0-160” . . . also in ounce 


graduated dials from 15 ounces to 5 wick COMPLETE 


GAUGES MADE! 


| INES OF DI- 
pounds. 212”, 312” and 412” dial sizes | CATING PRESSURE 
L 


mounted in black enameled steel case. 


MARSHALLTOWN MFG. COMPANY 


MARSHALLTOWN 3, IOWA 
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DC-AC 
CHOPPERS 


Eleven types, 
both single and 
double pole. 


ssw [a Le) & 10)‘ ehy 
NI ‘CIONYY-SN3AILS 
YadddOHO OV: 90 


Long life. 

Low noise level. 
Extreme reliability. 
Write for Catalog. 


STEVENS 


INCORPORATED 


ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 
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A. D. JONES OPTICAL WORKS 


2400 MASSACHUSETTS AVENUE 
CAMBRIDGE 40 MASSACHUSETTS 


TRowbridge 6-3368 — 3369 


A LIST OF MATERIALS WE FABRICATE 
USED IN OPTICS AND ELECTRONICS 


SAWING GRINDING POLISHING DRILLING 


ALUM GERMANIUM 
ALUMINA INDIUM ANTIMONITE 
ALUMINUM INDOX 

ANTHRACENE MELAMINE FIBER GLASS 
ARSENIC TRISULPHIDE MICA, SYNTHETIC 
BARIUM TITINATE POTASSIUM BROMIDE 
BISMUTH *PYREX 

BRASS *QUARTZ, CRYSTAL 
CARBORUNDUM *QUARTZ, FUSED 
CERAMIC **SAPPHIRE 

COPPER **SODIUM CHLORIDE 


eye) C-M L- news 


« 
W. S. CHRISTIAN N. S. BASSETT J. R. WHITESIDE 


BARTON INSTRUMENT CORP. has appointed Claude 
B. Nolte vice president in charge of Product Engineering 
and Development; Everette M. Furr, factory superin- 
tendent; and William S. Christian, sales manager. 
MINNEAPOLIS-HONEYWELL has appointed V. S. Las- 
sett sales manager of the Davies Laboratories Div. 
SIMPSON ELECTRIC CO. has named J. R. Whiteside 
president. 

PERKIN-ELMER CORP. has elected Theodore F. Talm- 
age to the Board of Directors. 

VARIAN ASSOCIATES has named Curtis £. Woard man- 
ager of Small Tube Product Development. 

TEXAS INSTRUMENTS has elected Dr. Lloyd V. Berkner 
to the Board of Directors. 

MASON-NEILAN Div. of Worthington Corp. announces 
appointment of James M. McAlear as manager of the 
newly created Instrument Sales Div. 

NASH ENGINEERING CO. has appointed Edward A. 


Barton manager of the Cleveland Office. 


"... gel we have \MPROVED ¢Z” 


The Marsh Stainless Steel Needle Valve could 
have gone right on being the finest in its 
field... yet we have improved it 


\ “TEFLON” 


: —T, 





! Note the “close-up?” The 
I Marsh Marpak packing 
system, Originated in the 
Marsh Needle Valve, was 
So. one of the factors that has en- 
abled it to stand up and work right 
under pressures up to 10,000 psi. 
Now “Teflon” is used in this 
packing system—the miracle 
material of almost incredible tough- 
ness, resilience and non-adhesive 
properties...properties that are 
not impaired by the most powerful 
of solvents, acids, or alkalies even 
at temperatures up to SOO” F. 
Net result: The guaranteed appli- 
cation-range (up to 10,000 psi) is 


*CORNING 707 + eSTEEL 


*CORNING 7052 
FERRITE 
FERROX 
**FLUORIDE, CALCIUM 
**FLUORIDE, LITHIUM 


STRONTIUM TITINATE 

ITANIUM DIOXIDE 

*VYCOR 

*X-RAY LEAD GLASS 

ALL TYPES KNOWN 
GLASS 


Needle Valve 
in 416 


stainless steel throughout 
Now with ‘Teflon’ Packing 


now effective at any temperature 
up to S00. F. (In other makes, 
permissible temperature decreases 
aS pressure increases.) 

Marsh Marpak Teflon Packing 
System is standard in Marsh 416 
Stainless Steel Needle Throttling 
Valves. Ask for facts. 


*Carried in stock 
**Purchased for orders 
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MARSH INSTRUMENT CO. Soles Affilicte of Jas. P. Marsh Corp., Dept. 42, Skokie, HI. 
Marsh Instrument and Valve Co. (Canada) Ltd., 8407 103rd St., Edmonton, Alberta 
Houston Branch Plant: 1121] Rothwell St., Sect. 15, Houston, Texas 


— 
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E. BRAUN A. L. MUNZIG R. R. LENT 
WATERMAN ENGINEERING CO. has named Kdward 
Braun manager, Industrial Diy. and Harry A, Hedland 
manager, Aviation Div. 


LIBRASCOPE, INC., a subsidiary of General Precision 
Equipment Corp. has appoined Arthur L. Munzig, Jr. 
sales manager for the Commercial Division. 


STATHAM INSTRUMENTS, INC. has appointed Robert 


R. Lent director of sales. 


MANNING, MAXWELL & MOORE has appointed three 
new district sales managers: Robert L. Logan, Tulsa; 
Lamar F. Kirby, Atlanta; Arthur H. Barnes, Los Angeles. 
THE FOXBORO CO. has appointed EF. R. Huckman as- 


sistant field sales manager. 


BAILEY METER CO. has named H. D. Vollmer, Jr. man- 


ager of the newly created Atomic and Marine Div. 


NEFF INSTRUMENT CORP. has named Richard A. Shan 
chief engineer. 

STROMBERG-CARLSON has appointed Martin T. Zegel 
product planning manager of the Special Products Div.. 
and William EF. Cutler sales manager. Commercial Prod- 
ucts. 


Special... 
while they last... 


THE AUTOMATIC FACTORY 


by Stephen A. June, J. D. Bardis, 
L. H. Lurio, L. S. Polaner, 
O. Sagedahl, H. A. Sklenar and 
B. K. Yenken. 


Here is a fresh viewpoint on 
what tomorrow’s “manless facto- 
ries’” CAN be—a book entirely free 
from the boresome_ generalities, 
platitudes, exaggerations and mis- 


$ conceptions that have been repeat- 
ed by the majority of writers on 
e@ this subject. 


® The viewpoint is fresh because 
Postpaid 


the authors sought the TRUTH in 
the course of their project under 
General George F. Doriot at the 
Harvard School of Business Ad- 
ministration. 

Here, then is THE book for all 
those who want FACTS rather 
than wild opinions. 


S88 pages, illustrated, 1955. 





INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pittsburgh 12, Pa. 











35,000,000 


operations at 10 amps! gx 
KURMAN 466 
POWER "2 
RELAYS 


FEATURES: 
Up te 5PDT—25 amp 110 V AC or 28 V DC 
As low as 500 milliwatt sensitivity 
AC or DC operation 
Fast acting—5 milliseconds at 3 watts 
Special construction offers 125° C and/or 400 cycle op- 
peration 
Screw terminals available 
Standard or special mounting bases available 
Open, dust covered or hermetically sealed 


IMMEDIATE DELIVERY FROM STOCK! 


The complete line of Kurman Relays, manufactured to com- 
mercial or military specifications, are interchangeable with 
other leading makes. 


“ Series 26 


~ <—One of many Hermetically Sealed types 
a. 


x | Visit Booth 789—Chicago 
ae ed | Parts Show—May 19-21 


&)\  _ SEND FOR COMPLETE CATALOG 


Se 


KURMAN ELECTRIC CO. 


Division of Norbute Corporation 


Dept. 1A 191 Newel St. Brooklyn 22, New York 
EV 3-8000 


pyrometer supplies 


Thermocouples, alloy wire, 
and accessories 


Choice is unlimited at Alnor, where you'll find ther- 
mocouples as small as %”’ O.D. and more unique, 
proven thermocouple designs than at any other 
available source. Each thermocouple is individually 
calibrated for its specific application—all of the 
same type are interchangeable without recalibrat- 
ing instrument. 


Bulletin 4181... lists thermocouples and accessories 
of all types and alloys for every temperature meas- 
urement from —100° F. to 3000° F., to ISA Stand- 
ards. Also contains complete engineering informa- 
tion such as alloy curves, uses and limitations of 
alloys, millivolt relationship tables, etc. 

Bulletin 4257...lists surface tem- 


perature thermocouples and ac- 
cessories available from Alnor. 





Circle bulletin number you want, 
attach this ad to your letterhead 
and mail to: Illinois Testing Labo- 
ratories, Inc., Room 518, 420 N. 
LaSalle St., Chicago 10, IIL. 











Model 3480 small pipeline ther ple. Pre- 
cision built to Alnor performance standards. Unit 
price: $9.00. 
PRECISION INSTRUMENTS 
FOR EVERY INDUSTRY 
For more information circle 109 on inquiry card. 
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AUTOMATION 


METERING AND CONTROL systems. 
4-page Bulletin 500 describes purpose, 
design, and operation of maker’s 
systems; includes a_ discussion of 
pneumatic and electric telemetering, 
and pneumatic control, also literature 
references for all products making up 
these systems.—Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland 10, Ohio. 
Circle 401 on inquiry card 


FILTER-OPERATING CONTROL DESK 
is described in 2-page Product Speci- 
fication G71-8.—Bailey Meter Co., 
1050 Ivanhoe Rd., Cleveland 10, Ohio. 
Circle 402 on inquir rd 
4-page Data 
2-page Prel. 
and 4-page In- 


CONTROL SYSTEM. 
Sheet ND46-33 (107), 
Data Sheet NU9 (3), 
sert Folder ND4 (7a) describe the 
new C.A.T. control system for use 
with magnetic amplifiers and satur- 
able core reactors.—Leeds & North- 
rup Co., 4934 Stenton Ave., Phila. 44, 
Pa. 

e 403 on inguir 


SOOT-BLOWING CONTROL. 16-page 
Bulletin 1029 describes Vulcan Selec- 
tive-Sequence and Vulcan Automatic- 
Sequential insert-type panel automatic 
controllers; includes dimensions and 
equipment specifications for each 
model; lists typical installations.— 
Copes-Vulean Div., Blaw-Knox Co., 
Erie 4, Penna. 

Circle 404 or 


y card, 


TIME-IMPULSE TELEMETERING. &- 
page Bulletin 230-P4 describes how 
Chronoflo Telemeters enable users to 
observe and record the operation of 
widely scattered meters at a central 
location from any distance.—Builders- 
Providence, Inc., 345 Harris Ave., 
Providence 1, R. I. 
405 


INSTRUMENT PANELS, §-page 
titled “Panel Discussion 
fabrication of a flexible 
instrument mounting structures: 
panels, racks, cabinets, consoles, cubi- 
eles, graphic panelboards. Falstrom 
Co., 154 Fals trom Court, Passaic, N. J. 
C e 406 o 


PHOTOELECTRIC CONTROLS. 
Catalog 58 describes many 
photoelectric controls; timing con- 
trols; light sources; phototube and 
light-source heads; electronic timers; 
etc.—Autotron, Inc., Box 722 CC, 
Danville, Ill. 
Circle 407 


folder 
reviews 
series of 


24-page 
types of 


HYDRAULIC GOVERNOR, 4-page 
Bulletin FP-217 describes Type 4300 
compact light-weight Hydraulic 
Governor for control of gasoline o1 
diesel engines, ete.—Farris Pickering 
Governor Co., Inc., Palisades Park, 
N 


e 408 on 
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MOTORS, 
SERVOS 


PRECISION SYNCHROS. &-page cata- 
log and four 2-page data sheets des- 
cribe and give specifications of syn- 
chro control transformers, trans- 
mitters, repeaters, resolvers, differ- 
entials, etc. ca Co. Ine., 1378 
Main Ave., Clifton, N. J. 
© 409 on 


a a SELECTORS. STEPPING 

MOTORS. 4- page Bulletin 1157LS 
covers maker’s line of Ledex nee 
solenoids, selector switches, her- 
metically sealed selectors, and syncra- 
mental stepping motors.—G. H. Le- 
land, Inc., 123 Webster St., Dayton 
3, Ohio. 

410 


SERVOMOTORS. 


1286 presents 


Sheet 
new 
con- 
unit 


4-page Data 
information on 
Model 18 SM 490 designed for 
tinuous duty at 200° C total 
operating temperature; low rotor 
inertia and high stall torque.——2-page 
Data Sheet 912 gives details of new 
adjustable size 11 velocity-damped 
servomotor.—Beckman/Helipot Corp., 
Newport Beach, Calif. 
role 411 


VALVES, ACTUATORS 


ELECTROHYORAULIC PILOT VALVE. 
6-page Bulletin MSP-149 and Specifi- 
cation Sheet GH-300 cover new high- 
capacity servo valves._-Hagan Chemi- 
cals & Controls, Inc., Hagan Building, 
Pittsburgh 30, Pa. 

rele 412 or 


CHECK VALVES. 4-page Bulletin 8K 
describes company’s basic Swing 
Check Valve and modifications which 
include check valves with oil or air- 
operated cylinder; Hold-Open Swing 
Disc Valves with  direct-connected 
cylinder; and check valves with 
threaded spindle for tight manual 
closing.—Dept. V-D, Schutte and 
Koerting Co., Cornwells Hghts., Bucks 
County, Penna. 

e 413 


Bulletin J-90 de- 
self-closing 


VALVES. 2-page 
scribes new packless 
sliding-gate sampling valve for 
sampling hazardous and_ corrosive 
liquids. —4-page Bulletin F-29  de- 
scribes new No. 10 Underwriters Labs 
listed safety shut-off valve for 
multiple pedestals of remote pumping 
system.—Jordan Corp., 6013 Wiehe 
Rd., Cincinnati 13, Ohio. 
2 414 ; 


CONTROL VALVES. 52-page Catalog 
1500-C contains a wealth of informa- 
tion not only on maker’s own valves, 
actuators and accessories but broadly- 
useful handbook-type information.— 
The Annin Co. ye Telegraph Rd., 
Los Angeles 22, Calif. 
415 


ELECTRIC ACTUATORS. 8-page Cata- 
log T-83 describes Tork-Master Elec- 
tric Valve Operators which can be 
field-mounted without removal of 
valves.—General Controls, 801 Allen 
Ave., Glendale 1, Calif. 

416 nquir 


VALVES for coke quenching are de- 
seribed in a 4-page Technical Bulle- 
tin W-15 which includes installation 
arrangements, parts lists, and di- 
mensions.-—4-page Bulletin W-11 de- 
seribes rubber-lined cushioned swing 
check valves for use in pulp and 
paper, and in chemical industries. 

Golden-Anderson Valve Specialty Co., 
1285 Ridge Ave., Pittsburgh 33, Pa. 

e 417 oni rd. 


AMMONIA VALVES and accessories 
for refrigeration and industrial ap- 
plication are covered in 12-page Cata- 
log No. 202._-Henry Valve Co., 3215 
North Ave., Melrose Pk., III. 

e 418 on | i 


GLOBE VALVES and data. 20-page 
Section B-2 covers globe valves having 
600, 1500, and 2500 Ib ASA ratings; 
all of stainless steel, Monel or other 
corrosion-resisting materials; con- 
tains pressure, velocity and discharge 
conversion tables and other general 
engineering data.—Associated Valve 
& Engineering Co., 1150 W. Marquette 
Rd., Chicago 21, Ill. 
e 419 


TEMPERATURE 


PORTABLE PYROMETER Indicator, 
“MiniMite” a null-balance potentiom- 
eter type, with 4% accuracy is de- 
scribed in new 6-page Bulletin 64. 
Thermo Electric Co., Inc., Saddle 
srook, N. ie: 

( e 420 
THERMOMETERS. 4-page brochure 
describes indicating and recording 
thermometers available in a_ wide 
choice of bulb forms and materials, 
capillary lengths, ranges, mountings, 
ete.—The Partlow Corp., New Hart- 
ford (Utica), N. Y. 

Circle 421 oF 


THERMOMETERS. Hydrometers, Pres- 
sure Gages, ete. 1958 binder contains 
five catalogs: (1) 24-page Catalog 
125A covers industrial thermometers; 
2) 8-page Catalog 425A covers 
general-purpose thermometers; (3) 
36-page Catalog 325A covers dial- 
indicating and i ey thermome- 
ters; (4) 16-page Catalog 225A covers 
engraved-stem thermometers, hydrom- 
eters and accessories; (5) 32-page 
Catalog 525A covers dial-indicating 
and recording pressure and vacuum 
gages, needle valves, cocks, and ac- 
cessories.—Weksler Instruments 
Corp., 195 East Merrick Rd., Freeport, 
1b OL. Ne os 


2 422 


PYROMETERS. 8-page Catalog No. 


175 includes descriptive and technical 
data on PYRO Optical, Micro-Optical, 
Radiation, Immersion, Surface and 
Indicating Pyrometers.—The Pyrom- 
eter Instrument Co., Inc., Bergen- 
field 4, N. J. 

roie 423 


THERMOCOUPLES AND ASSEMBLIES. 

x-page Bulletin GB-8 describes 
CeramiKouples, assemblies and ‘com- 
ponents for heavy-duty industrial and 
research applications, with unique 
combinations of desirable properties. 

-E. C. Smith Mfg. Co., Forrest and 
Hector, Conshohocken, Penna. 

€ 424 n nauify ara 





PYROMETER SUPPLIES, 5'-page 
Catalog G100-8 describes Honeywell's 
complete line of thermocouple ac- 
cessories for measuring temperature; 
includes. new Meg-O-Pak assemblies 
and new insulated extension wire. 
Minneapolis-Honeywell Regulator Co., 
Wayne & Windrim Aves., Phila. 44, 
Pa. 
425 


FLOW, LEVEL, PUMPS 
FLOW-RATE INSTRUMENTS, Several 


new-product bulletins for insertion in 
Catalog include Bulletin 165 on Flow- 
rate Alarms, Bulletin 250 on Brook- 
seals, also data sheets for prospective 
users’ convenience.~-Brooks Rota- 
meter Co., Lansdale, Penna. 

426 


HYDROLOGICAL INSTRUMENTS. 20- 
page Bulletin No. 700 covers water 
level recorders, hook gages, rain 
gages and wind instruments; contains 
cross-sectional drawings of current 
meter and directions for adjustments 
of current meter pivot.—W. & -L. E. 
Gurley, Hydrological Instruments 
Div., 514 Fulton St., Troy, N. Y 
e 427 i 


LIQUID LEVEL CONTROLS. &-page 
Form No. 25 describes Series T elec- 
trode-type floatless models operat- 
ing on ac for use in conductive liquids 
including ordinary water.-—Charles F. 
Warrick Co., 1964 W. Eleven Mile 
Rd., Berkley, Mich. 
428 


PUMPS FOR LIQUIDS, 
gases. &-page brochure 
price lists describes 
Pumps comprising a_ flexible tube 
against which a series of fingers 
press in sequence to impart a positive 
unidirectional movement to the fluid 
in the tube.—Sigmamotor, Ine., 3 No. 
Main St., Middleport, N. Y. 
( e 429 «- 


slurries or 
with 2-page 
Sigmamotor 


PUMPS for abrasive slurries, gases, 
ete. &-page Catalog 10.0 describes 
Flex-i-liner pumps featuring an ec- 
centrically-mounted rotor which 
creates a progressive squeegee action 
on the fluid trapped between the outer 
surface of the flexible liner and the 
inner surface of the body block.- 
Vanton Pump & Equipment Corp., 
201 Sweetland Ave., Hillside, N. J. 
e 430 ry card 


LIQUID FLOWMETER INSTRUMENTS. 
8-page secondary instruments and 
accessories for changing Propeloflo 
Meter from a basically totalizing unit 
to one suitable for any combination 
of remote totalizing, indicating, and 
recording functions or for batch 
measurement.—B uilders-Providence, 
Inc., 345 Harris Ave., Providence 1, 
R.. F. 
e 431 


VENTURI TUBES. 32-page Technical 
Bulletin 110-P1 describes the various 
types of venturi tubes, their recovery 
characteristics, the formulae that 
determine their design, typical cal- 
culations, ete.—Builders Providence, 
Inc., 345 Harris Ave., Providence 1, 
K.. ¥. 
e 432 nauiry card 





defined by the dictionary 


. "the quality or state of 
being precise; accuracy: 
mechanical exactness.” 


individually Set To Order. 
Mass Produced For 
Industrial Requirements. 


For detailed information, 
send specifications or contact 





PRECISION 


defined by an instrument 
maker. . . 


JEWEL BEARINGS 


Sapphire and Ruby 
Precision Jewel Bearings 
FEATURE 

@ exact tolerances 

@ high shock resistance 

@ low friction coefficient 


FOR 
e INSTRUMENTS e CLOCKS 
@ METERS @ MEASURING DEVICES 


SWISS AMERICAN JEWEL BEARINGS CO. 


32-30 58th St., Woodside 2, Long Island, N. Y. 





TESTA BORESCOPE 


For Visual Inspection of 
Inaccessible Surfaces 


Provides “inner eye” for inspection 
of combustion and compression en- 
gines, for oil and gas tanks, for hol- 
low castings or bearings, for all in- 
ternal surfaces which are dark and 
allow access only through a hole as 
small as 14”. Used by leading air- 
craft and industrial companies. 

Built-in illumination. Contains 12 
highly corrected, achromatized, fluo- 
ride-coated lenses. Magnification var- 
ies with distance—from 2x at 12” 
to 6.25x at 3”. 

Two standard models: B20—14” 
dia. x 20” long and B29—1%4” dia. x 
29” long. Write today for Technical 
Bulletin #8500. 


TESTA 
MANUFACTURING COMPANY 
10122 E. Rush St., El Monte, California 


le 1117 on inquiry card. 
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ONE OF THE LARGEST FACTORIES OF ITS KIND IN THE WORLD 


e 190 on inguiry 


PORTABLE 
3KC CARRIER 
SYSTEM 


= 


@ eK 


PORTABLE 3KC 

CARRIER SYSTEM MODEL PCS-1 
8 inches wide 6 inches deep 
7 inches high Weight: 10 Ibs. 
Model PCS-1 is a single channel portable 3 
kc carrier system designed for use with vari- 
able reluctance transducers: specifically, 
Northam absolute, differential and gage 
pressure pickups and accelerometers. 

Specifications of Model PCS-1 call for a 
regulated excitation voltage output from the 
oscillator of 10 volts rms at 3 kc and a de- 
modulator output current linearity of better 
than 1% full scale, providing 1.0 ma into 
50 ohms. An auxiliary filter (Model F-1) pro- 
vides a Suitable output for oscilloscopes, 
oscillographs, strip chart and pen recorders. 
A signal is produced flat within plus or 
minus three percent from 0 to 250 cps. 
There is also an output jack to permit 
operation of a remate meter as another 
alternative read-out. : 

Write for Bulletin. Northam Engineering 
facilities are available to assist you in any 
application problems. 


NORTHAM ELECTRONICS, INC. 
2420 N. Lake Ave., Altadena, Calif. 
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THE EXPERIENCE 
OF OTHERS IS FREE 


Check the bulletins you'd like to have. 


Clip this ad and mail it today. 


157 DC Milliammeter Applications 


753 Improve Foundry Operation 
856 How to Make Plant Surveys 


934 Power, Power Factor and Profits 


939-A What You Can Do with a Wattmeter 


1036 Engineering a Steel and Wire Plant 


1041 Electric Furnace Costs Reduced 


1156 Operation Recorder Applications 


Product Representatives 


in Most Principal Cities 


The ESTERLINE-ANGUS Company, Inc. 


Pioneers in the Manufacture of Graphic Instruments 


DEPT. Gi2, P. O. BOX 596, 


INDIANAPOLIS 6, INDIANA 
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Flow 
Visualization 


Instrumentation 


Schlieren Systems 
Shadowgraphs 
Interferometers 

Wind Tunnel Optics 

Mountings & Piers 


Packaged Systems 


Cataloz upon reauest 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 
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FLEXIBLE SHAFTING 
REDUCES GEARING 


Flexible Shafting reduces the noisy and 
cumbrous gearing used in conjunction with 
solid shafts. It has the ability to transfer 
power from remote places, over, under, and 
around obstacles found in the path of instal- 
lation between the drive and the driven 
units. Flexible Shafting requires very few 
parts, making them inexpensive; whereas 
solid shafts using universal joints, miter 
gears, and gear trains, many times would 
not be feasible because of their noisiness or 
lack of economy. With a Flexible Shaft as- 
sembly, design may be simplified and your 
engineering time spent on other necessary 
component parts without having to worry 
that they will create obstacles when placed 
where you want them. 


Fiexible Shafting cuts down on vibration thus 
offering long life with very little mainte- 
nance required. For complete Flexible Shaft 
information, write F. W. Stewart Corporation, 
4311 Ravenswood Ave., Chicago 13, Illinois. 
For more information circle 198 on inquiry card 


NEW LITERATURE 





DIAPHRAGM PUMP for corrosive 
fluids. 4-page Sup. Bulletin 1225-2 de- 


scribes Model 47 Chem-O-Feeder 
heavy-duty all purpose positive-dis- 
placement diaphragm for safe and 
dependable feeding of corrosive fluids. 
Proportioneers, Inc., 345 Harris 
Ave., Providence 1, R. I. 
e 433 on ing 


PRESSURE, 
WEIGHT, 
ACCELERATION 


PNEUMATIC INSTRUMENTS. 16-page 
Catalog 510 covers pneumatic pres- 
sure and temperature transmitters, 
receivers, indicators, pilot controllers, 
recording controllers and accessories. 
--United States Gauge Div. of Ameri- 
ean Machine and Metals, Inc., Sellers- 
ville, Penna. 
role 434 on in 


MECHANICAL LOAD MEASUREMENT. 
4-page Data Sheet ND 46-20 (1) 
presents data on electronic Speedomax 
G indicators and recorders for pre- 
cise measurement of pressure, force, 
tension and weight using load-cells. 
—Leeds & Northrup Co., 4934 Sten- 
ton Ave., Phila. 44, Pa. 

@ 435 on inau’ 


PRECISION PRESSURE GAGES. 4- 
page brochure describes a new auto- 
matic thermal compensation bar in 
linkage, which minimizes common 
sources of error.—Heise Bourdon 
Tube Co., Inc., Brook Rd., Newtown, 
Conn. 
2 436 


PHOTO-MANOMETERS, 8-page Cata- 
log 2900 describes multiple-tube well- 
type manometers with translucent 
scales and built-in backlighting, de- 
signed to be photographed.—-King 
Engineering Corp., Box 665, Ann 
Arbor, Mich. 
» 437 


LOAD, WEIGHT, etc. Three new bro- 
chures: 4-page Bulletin M-8 on Lift 
Truck Weight Indicator available in 
twelve models, 2,000 to 50,000 Ib. 
capacities; 8-page Bulletin M-15 on 
entire line of industrial weighing, 
load measurement and _ recording 
instruments, including tension and 
compression load cell systems, crane 
weight indicators, dynamometers and 
tensiometers; 4-page Bulletin M-25 on 
Sensater Hydraulic Crane Scale avail- 
able in six capacities from 1,000 to 
20,000 Ibs——Martin-Decker Corp., 
3431 Cherry Ave., Long Beach 7, 
Calif. 
e 438 


DIAL SCALES. 8-page Catalog 666-B 
shows many different types of dial 
seales for a wide cross-section of in- 
dustry and agriculture, together with 
related accessories.—The Howe Scale 
Co., Rutland, Vt. 

Circle 439 on inquiry card 





BALANCES. 4-page brochure describes 
Ultra-Rapid, Rapid, Standard and 
Semi-Micro models of German-made 
Sartorius Selecta’ speed balances. 
2-page Bulletin A6288 describes 
Sauter Ultra-Matic Precision Balance 
for rapid and repetitive weighing, 
available in general-purpose and 
special models for various industries 

Boder. Scientific Co., 810-814 Penn 
Ave., Pittsburgh 22, Pa. 

2 440 oF 


DUAL-PURPOSE HOPPER for weigh- 
ing or storage of fluffy, difficult-to- 
handle dry materials is described in 
2-page Product Data Sheet 5704. 
Richardson Scale Co., Van Houton 
Ave., Clifton, N. J. 

e 441 


DYNAMIC MEASURING INSTRU- 
MENTS. °2-page catalog describes 
more than 40 accelerometers, high- 
temperature strain gages and associ- 
ated electronic equipment; presents a 
series of engineering drawings, tables 
and graphs giving specs and perform- 
ance characteristics.—Columbia Re- 
search Labs., MacDade Blvd. & Bul- 
lens Lane, Woodlyn, Penna. 

« 442 ry ca 


TIME, SPEED 
TIME-INTEGRAL MEASUREMENTS. 


4-page brochure describes’ Model 270 
Integrating System, an all-electronic 
instrument for obtaining “the area 
under the curve” of rapidly-v varying, 
short-term or long-term analog. sig- 
nals.—-Allegany Instrument Co., Inc., 
1091 Wills Mt., Cumberland, Md. 
© 443 on 


TACHOMETERS. 4-page Bulletin No. 
795 describes 4”-dial Model ‘J’ sta- 
tionar¥ tachometers for permanent 
mounting on machines..-_Herman H. 
Sticht Co., Inc., 27 Park Place, New 
York - N. j 

444 


AIR VELOCITY CALCULATOR is we!l- 
come working tool for air condition- 
ing, sige ventilating; measures 
3” x8’ F. W. Dw yer Mfg. Co., Dept. 
IAN, Pp. ry 30x 373, Michigan City, 
Ind. 

445 


ANALYTICAL, 
LABORATORY 


PROCESS CHROMATOGRAPH,. 10- 
page Bulletin CEC 1836 describes 
new Type 26-202 for remote control 
and recording.—Consolidated Electro- 
dynamics Corp., 300 N. Sierra Madre 
Villa, Pasadena, Calif. 

446 


REDOX, 4-page Catalog 17B100 de- 
scribes O-R-P Cell and Pontentiom- 
eter-Type Recorder for measuring, 
indicating and recording oxidation- 
reduction potential.—Fischer & Porter 
Co., 546 Jacksonville Rd., Hatboro, 
Penna. 

cle 447 on 


Waugh 


oO 


LOW PRESSURE 
DROP 


RAPID TRANSIENT 
RESPONSE 


Write for Bulletin 


ENGINEERING CO. 


TURBINE FLOWMETERS 


ARE ENGINEERED FOR ACCURACY AND DEPENDABILITY 


2) 


HIGH FREQUENCY 
OUTPUT 


h hlade tin 


Ea 


EASY DISASSEMBLY 


7842 Burnet Ave., Van Nuys, Calif 


For more informatic on circle 6 on inquiry card. 


THE ROLYN 
(Snake) Plier 


An indispensable tool for assembly and dis- 
mantling of optical, radio, scientific instru- 
ments and all kinds of mech quip ° 





The SNAKE PLIER consists of two coil 
springs with their turns interleaved, attached 
to two arms projecting from and sliding for 
adjustment of diameter on the main support- 
ing bar. Two sets of springs are supplied and 
additional sizes are available. 

Ideal for use in all fields where a positive 
friction grip is required in loosening, or tight- 
ening, of the most delicate and fragile threads, 
or thin wall tubing without danger of damag- 
ing, or of marking. Can be used on right or 
left hand threads. It is equally effective at any 
angle. 

Exhaustive tests in Government workshops 
and research depts. have proved the efficiency 


of the Rolyn SNAKE PLIER. 


PRICE POSTPAID $28. 60 


ROBERT M. LYNN 
OPTICAL « GLASS « PHOTO 
(ROLYN COMPANY) 
Established 1923 
319 N. Santa Anita Ave.—Arcadia, Calif. 
Cable Address ‘‘Rolyn’’ Los Angeles. 
Phone: DOuglas 7-2300 
Address Reply to Post Office Box 745, 
Arcadia, California 

nation circle 197 


PLASTIC 
LENSES 


FOR AUTOMATION 


. because they ca 
e are UNBREAKABLE, 
* lightweight, VERSATILE, . 
e LOWCOST and e 


*. easily machinable e° 
@ e 


7 
“eee? 
SPHERICAL and PRISMATIC 
SHAPES + FRESNEL LENSES and 
LENTICULAR SCREENS + OPTICAL 
SPECIALITIES 
OPTICS lenses, precision-processed or 
molded, are ideal aids to instrumentation 
for purposes of magnification, reduction, im- 
age displacement, and a host of adaptations. 


For complete information, WRITE: 


OPTICS MANUFACTURING CORP. 


Amber & Willard Streets Phila. 34, Pa. 


For more information circle 118 on inquiry card. 
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NEW LITERATURE 





MAXIMUM PRODUCT RECOVERY in 
the Natural Gasoline Plant is dis- 
cussed in Data Sheet GC-4203 which 
gives detailed information on use of 
gas chromatography for optimal out- 
put.—Beckman/Process Instruments 
Div., 2500 Fullerton Rd., Fullerton, 
Calif. 
Circle 448 


pH INSTRUMENTS, &-page bulletin 
5400 gives detailed descriptions and 
specs for all Beckman industrial pH 
instruments, electrodes and ac- 
cessories.—Beckman/Process Instru- 
Fuller- 


ments Div., 2500 Fullerton Rd., 
ton, Calif. 


e 449 
SPECTROPHOTOMETER = accessories. 


6-page Bulletin 725 covers sampling 
equipment and other accessories for 
IR-4 Infrared Spectrophotometer: 
large-volume and micro sampling cells 
for liquids, gases, and solids; prism 
interchange units; recording acces- 
sories; ete.—Beckman/ Scientific In- 
struments Div., 2500 Fullerton Rd., 
Fullerton, Calif. 

e 450 


X-RAY MICROSCOPE, 6-page folder 
titled “A High-Resolution PMR X-ray 
Microscope with Electron Microscope 
Conversion” describes the first com- 
mercial X-ray microscope that deter- 
mines chemical composition of speci- 
men.—Instruments Div., Philips Elec- 
tronics, Inc., 750 S. Fulton Ave., 
Mt. Vernon, N. Y. 
Circle 451 


FURNACES, OVENS AND BATHS. 
page Bulletin 5720 introduces no ale 
new products including lab-size utility 
ovens; 800°F mechanical convection 
ovens; miniature industrial and 
lab batch ovens; lab-size furnaces 
(2800°F); muffle furnaces; constant- 
temperature refrigerated water baths, 
and new refrigerated visibility jar 
baths.—Blue M Electric Co., Blue 
Island, Ill. 
e 452 


NUCLEONICS 


NUCLEAR FUEL. 5-page bulletin de- 


scribes melting. fabricating, testing, 
and qualit y-control facilities in com- 
pany’s new nuclear and specialty 
metals plant for manufacture of 
atomie fuel elements and components, 
and for fabricating and cladding rare 
and refractory metal parts.—D. E. 
Makepeace Co., Pine and Dunham Sts., 
Attleboro, Mass. 

453 


NUCLEAR INSTRUMENTS and acces- 
sories are listed in new 4-page List 
58.—Nucleonic Corp. of Americ ‘a, 196 
Degraw St., Brooklyn 31, N. 

454 ' 


MONITORING SYSTEM for remote 
areas continually reporting dose rates 
is described in new 4-page Form 
3045A.—The Victoreen Instrument 
Co., 5806 Hough Ave., Cleveland 3, 
Ohio. 


e 455 





HARDNESS TESTING 


SCLEROSCOPE 
FOR TESTING 
THE HARDNESS 
OF METALS. 
PIONEER AMER- 
ICAN HARDNESS 
STANDARD. 
OVER 40,000 

IN USE. 


DUROMETER 
FOR TESTING 
THE HARDNESS 
OF RUBBER & 
RUBBER-LIKE 
MATERIALS 
(ASTM D676) 
(ASTM D1484) 


SHORE INSTRUMENT 
& MFG. CO., INC. 
90-35 VAN WYCK EXP. 
JAMAICA 35, N. Y. 








MACHINE-DIVIDED SCALES 


Vade with latest 
SIP Swiss Automatic Dividing Machines 


' yy 
Pllry, 
fi 

/ ay 


280 / 


LINEAR 
Accuracy to #25 microns( 0.0002” } 
Any scale pattern—Any line width 
{ny material 


CIRCULAR 


Accuracy to = 5 seconds 


FINE MACHINE ENGRAVING 


Scales, Dials, Drums, Rods, Panels 


ACCURATELY ETCHED RETICLES 


Vade to any specified pattern 
and dimensions 





PROMPT DELIVERY 


on large or small quantities. 





L. C. RENICK CO. 


30B So. Salsipuedes St., Santa Barbara, Calif. 
formerly Cicero, Illinois 














ore information circle 119 o: 
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cle 120 on inquiry card. 


NUCLEAR FACILITIES. Five 4-page 
editions of “Nuclear News” (Vol. 1, 
No. 1 through No. 5) describe facili- 
ties and projects of Nucledyne Corp., 
subsidiary of company. Cook Elee- 
tric Co., 2700 N. Southport Ave., Chi- 
cago 14, Ill. 
456 


NUCLEAR RADIATION TESTING. n- 
vironmental testing is described \in 
new 4-page “Newsletter” (Issue 2- 
556).—Inland Testing Laboratories, 

57 Diversey Parkway, Chicago 14, 


457 


RABIO- CHROMATOGRAM scanning 
stem, 4-page Issue No. 14 of ‘the 
Nucleus” gives full details of the 
Actigraph II and its components. 
Nuclear-Chicago Corp., 225 West Erie 
St., Chicago 10; Til. 
458 


OPTICAL 


CINE THEODOLITE. &-page brochure 
describes Kth 57 cine theodolite for 
ballistic and missile photography pro- 
duced by P-E’s West German subsidi- 
ary, Bodenseewerk Perkin-Elmer & 
Co., G.m.b.H. It is available with 
three interchangeable lenses, uses 
standard 35mm film and permits max- 
imum frame rates of five exposures 
per second.—Perkin-Elmer  Corp., 
Main Ave., Norwalk, Conn. 
» 459 


ULTRASPEED CAMERA, 2-paze bulle- 
tin describes Model UC-1 with Kerr 
cell permitting one million frames per 
second, resolution better than 0.001” 
and 700 successive pictures per test. 

Dynamic Measurements Corp., P.O. 
30x 4067, Pasadena, Calif. 

© 460 


folder covers entire 
line of normal, telephoto and wide- 
angle lenses made by Pierre An- 
genieux Optical Works of Paris, 
France, all of them .designed with 
objective of improving miniature 
photography._-Exakta Camera Co., 
705 Bronx River Rd., Bronxville, N. Y. 
e 461 rd 


LENSES, ‘-page 


DATA HANDLING 


DATA DISPLAY indicator. 12-page 
Technical Catalog 1015 describes con- 
struction, operation, specification and 
typical applications of versatile plug- 
in indicators for data display, storage 
and transfer.—Union Switch & Sig- 
nal Div., Westinghouse Air Brake 
Co., Pittsburgh 18, Pa. 

rcle 462 on inquiry 


RADIO TELEMETERING. 40-page spi- 
ral-bound book, pn “A new Com- 
pany,” describes facilities, personnel 
and eight new systems and compo- 
nents for FM/FM radio telemetering. 
Data-Control Systems Inc., 39 Rose 
t., Danbury, Conn. 
e 463 on inquiry 





PUNGH GARD READER. 2-page | Prod- 
uct Data Sheet 5705 describes new AE 
PCR Control for automatic control of Mie Be ears —_— > 5 V FOR 20 PR sean 


blending, batching and proportioning tae Bl og > AT 

operations; outlines unit’s use with i ee 

IBM (or other) punched cards.— ‘ : 4 ARNOUX 
Richardson Scale Co., Van Houton r 


Ave., Clifton, Ne J.” pyre eee LOX TEMPERATURE PROBES 


e 464 
DIGITAL DATA SYSTEMS, Four new Semiconductor Series 7TXXXL provide output in 


brochures: (1) 6 pages, outlines com- Erg 7 : volts® for a temperature span of only 20 F in the 
pany's capabilities and specialization; ens ; : liquid oxygen (LOX) temperature range... also 
Mad oi taal . he 3 Model 201 High ree =s ¢ can be used with liquid nitrogen, liquid argon, 
ig Viseat Re Keen a i bi a Cae and almost any liquified gas from —240 F to 
Ss IS « LEC pr ‘ ee ‘ co, y Ore : ie _ 99 ae ‘ 
deals with High Speed Digital Dis- 5 rat’ 320 F range. , _ 
play and Editing Systems.—Tally gaa A, Applications include temperature-stratification 
Register Corp., 5300-14th Ave., N. W,, ae dos measurements (temperature gradients through a 
Seattle 7, Wash. rs aN ih LOX tank), sensing liquid levels in tanks, and 
465 ©: ie pipeline measurements during LOX-fueling 
ay 5 operations. 
ANALOG COMPUTER, 8-paze Data rh oe a ona 
File 310 describes new Model 3100 f : *From 0 to 5 vde, used with Arnoux TME System 
comple te console ¢ omputer for single 3 ’ or similar equipment. 
or multiple operation, featuring 0.17 ; ; : 
performance. Donner Scientifie Co.. SPECIFICATIONS 
888 Calinda St., Concord, Calif. Temperature range: —240 F to —320 F 
el aRBIEG Gaeiuiry. Cacd Maximum current rating: 3.0 ma 
Nominal resistance: 12,000 ohms at +77 F 


> ent and Calibration accuracy: 0.1 F 
pag hay pene ocaclil AY ei Repeatability and hysteresis: within 


Data Systems are covered in 44-page : 

brochure on company’s propr ietary calibration accurac: 

produc ts and its capabilities for buile j- Calibration points: —240 F and —320 F; 1 
—s available between —275 F and 








ing systems to original specifications. 
Included in new products are Q3401 ; 
Secondary Pressure Standard, High Miz z 
Speed Commutator. Wiancko Engi- 5 ; ARNOUX foremost in TEMPERATURE MEASUREMENT EQUIPMENT 
a ’ Onn ’ bit a “s TRANSDUCERS, ACCESSORIES AND CUSTOM ENGINEERED SYSTEMS 
neering Co., 255 No. Halstead Ave., 
Pasadena, Calif. 
467 


11924 WEST WASHINGTON BLVD. > LOS ANGELES 66, CALIF 


ore information circle 121 on 


RECORDERS ee ee 








< a 
X. ni? RAWSON GATES ELECTRONIC 
Y RECORDER. 2-page bulletin de- ELECTROSTATIC pric vaesccri 


scribes Model 38S Autograph which is 


; ares X- . vr. — added VOLTMETERS NEW LOW PRICED 

sature of a built-in time-base or 

sweep circuit.-_F. L. Moseley Co., 409 Type 518 REGULATED SILICON 

N. Fair Oaks Ave., Pasadena, Calif. DC POWER SUPPLY 
rele 468 on inquiry card 

SHIPPING SHOCK RECORDER. New 


announcement describes new Model 
SR-1 which is attached inside ship- 
ping case as a tell-tale of shock loads 
in transportation by air, rail, sea or 
road, or in factory.—Dynamic Meas- 
urements Corp., P.O. Box 4067, Pasa- 
dena, Calif. 

role 469 


RECORDING POTENTIOMETER. 2- 
page data sheet describes new dual- 
pen 5” strip-chart recorder incorpo- 
sone ——— en a avail- Pe aces Features: 

able with many optional features.- vailable ranges vores . +f: 
Westronics Inc. Cans TeCact ; to 35,000 volts Magnetic Amplifier Control 
Worth, Texas Measure true R.M.S. values on A.C., no Ferro-magnetic overload protec- 

Xas tion circuit 


= 470 waveform or frequency errors. 
NO POWER CONSUMPTION Eliminates one-time fusing 
Input 115 volts, Single phase 60 
Leakage resistance greater than one | AC 
million megohms. These meters may cycles 


be 
used to measure STATIC ELECTRICITY! Output 5-30 volts, 40 amperes DC 
TESTING, Ideal for measuring high voltage power Regulation 2%, ripple 1% 


supplies with zero current drain. Rug- 
GAGING pir well-damped a Uantet! All ele- Send to Dept. IA for complete information 


ments surrounded by metal shielding e 
for accuracy and safety. kets quite wiaiaiins 
») © » © 
TOOLMAKERS’ CALIPER. 2-page an- Write for bulletin. POWER SUPPLY REQUIREMENTS 
nouncement describes new  Lustro- RAWSON ELECTRICAL 
Chrome stainless-steel caliper with 
INSTRUMENT COMPANY GATES ELECTRONIC CO. 


micrometer adjustment._-George eo oa 
Scherr Co., Inc., 200 Lafayette St., Fine Instruments Since 1918 2090 Barnes Ave., New York 62, N. Y. 


is : 4 ¢. . Mass. 
Mew York 02. b. 1120 Potter S Cambridge jass TY 2-6490 
» 471 
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Brailsford . 
AGC Timers 
Are Unmatched 
In These Basic 
Requirements 


Madel AGC 


SPECIFICATIONS 
Number of decks—1-4 e 


CONTROL INSTRUMENTS 


require MAXIMUM Performance . 
MINIMUM Size - Weight - Power Drain 


ALTITUDE 













If You Have A 
Timing Problem 
Where Size, 

Mass and Power 
Drain Are Critical 
Read These 












Speed regulation—+: 1.0% at 50% voltage shift 


Size—134’’ x 2'4’"—depth depends on number of decks 
Segments per deck—2-8 for stock units 
Special commutators to order for a nominal tool charge. 
e 


Shorting or non-shorting contact 


Power input—.008 Amp. at 6 VDC 


WRITE FOR LITERATURE 
BRAILSFORD & CO. INC. 


670 MILTON ROAD 


DEVELOPMENT 


MOTORS 








e §=6RYE, N.Y. 









MANUFACTURING 


BRAILSFORD 


SIGNALLING SYSTEM COMPONENT 










ircle 124 or 








NEW LITERATURE 






























Inflation? 


Control Valves 


by C. H. Beard. New ‘'‘one-book”’ ref 
erance on control valves . . . covers 
flow characteristics; mechanical fea- 
tures; valve capacity; sizing; body 
types; positioners; actuators, includ- 
ing d-c, electrohydraulic and gas hy- 
draulic actuators. Numerous tables 
and illustrations. Paperbound, 236 
pages, 1957. price $2.00 


Printed Circuitry 


by Allan Lytel. A valuable working 
tool; includes alternative and recom- 
mended practice for each step in de- 
sign and production of printed cir- 
cuits; a buyer's guie to special com- 


Six dollars still buys... 


ponents; and “how to’ service data. 
Paperbound, illustrated, 192 pages, 
1957. $2.00 


Electronic Circuitry for 
Instruments and Equipment 


by M. H. Aronson. ‘Comprehensive 
source book on instrument circuitry,” 
this complete home -study text in- 
cludes 458 multiple-choice questions 
(and answers), 215 illustrations, 10 
tables, comprehensive index. Paper- 
bound, 324 pages, 1957 (revised edi- 
tion). price $2.00 


Instruments Publishing Co. 
845 Ridge Ave., Pittburgh 12, Pa. 











GLASS CYLINDERS 


TUBES 
CIRCLES & SPECIAL SHAPES 


RODS 


Experimental and 
Production Blowing 


Your Inquiries Invited. 
Glass Tubes and Rods for Scientific Use—Lamps, Furniture, Lighting & Decorative 


e 

e 

° FABRICATED 

° and CUT 

° to Your 

° SPECIFICATIONS 
e 

a 

e 


Fixtures—Display Domes—Contract Cutters of Tube and Rod. 











7318 South Chicago Ave. 





CRYSTAL GLASS TUBE & CYLINDER CO. 











Chicago 19, Ill. 








Page 718—Instruments & Automation 


Vol. 31 





ENVIRONMENTAL TESTING, 2-page 
bulletin describes Series H humidity 
chamber which controls to better than 
2°F between 0°F and 200°F and has 
full automatic programming.—-4-page 
catalog covers temperature, humidity, 
altitude, sand & dust, fungus, rain & 
sunshine, and explosion test cham- 
bers.—Environmental Equipment 
Corp., 369 Linden St., Brooklyn 27, 
a a 


e 472 


MASS MOMENT OF INERTIA. 4-pace 
Technical Bulletin No. 20 provides 
(1) tabulated I data on maker’s pre- 
cision pots and (2) description of an 
experimental method for compiling 
Iu of other related components within 
a system.—Technology Instrument 
Corp. of Calif., 7229 Atoll Ave., N. 
Hollvwood, Calif. 

© 473 


GAGES, Adjustable Depth and Groove 
Location Gage, designed to locate a 
groove and also measure width of 
groove in one setting is described in 
new leaflet._-2-page folder describes 
new precision Groove Gage for “O” 
ring grooves, and snap ring grooves 
and bores.— Mueller Lab., 1052 No. 
Allen Ave., Pasadena, Calif. 


2 474~ 





WEATHERING AND LIGHT-FADING 
TESTERS. 2-page bulletin describes 
Xenotest WPL 394 for accelerating 
weathering effects of natural sun- 
light, humidity, rain and tempera- 
ture; and Xenotest PL393 research, 
testing, and production control device 
for accelerating natural sunlight ef- 
fects on all materials, coated and 
otherwise..—G. F. Bush Assocs., Box 
175, Princeton, N. J. 
e 475 


OPTICAL PROJECTORS. 16-page 
booklet describes features of the vari- 
ous Kodak Contour Projectors and 
details applications for optical gaging 
in toolroom, on production line, in 
receiving, and in final inspection. 
Apparatus and Optical Div., Eastman 
Kodak Co., Rochester 4, N. 'Y. 
» 476 ; ae 


ANECHOIC CHAMBERS. &-paze folder 
describes Eccosorb microwave free- 
space anechoic chambers readily as- 
sembled from prefabricated panels se- 
lected by user from several immedi- 
ately-available types of absorbers. 
Emerson & Cuming, Inc., 869 Wash- 
ington St., Canton, Mass. 


SOIL TESTING. S-page Volume 2, No. 
1 of “The Testing World” features 
survey on growth of soil testing and 
soil mechanics; and a= story about 
testing equipment in use at the South 
Pole.—-Soiltest Inc., 4711 W. North 
Ave., Chicago 39, Ill. 
eo 478 or 


TUBING, FITTINGS 
SEAMLESS TUBING. 20-page book, 


titled “Met als for Precision and Per- 
formance,” contains twenty-two ar- 
ticles and application descriptions. 
J. Bishop & Co., Platinum Works, 
Malvern, Penna. 

Circe 479 









































































HOSE FITTINGS. 4-page Bulletin RFI 
describes ‘Seal-Lock” reusable fit- 
tings for high-temperature Teflon 
hose or Fluoroflex-T Hose. Fittings 
are field-attachable; triple locking 
feature locks them to hose and compo- 
nents are locked to each other; can- 
not loosen from vibration. oats sto- 
flex Corp., Roseland, N. J. 
a 480 on nau ra 


SUPER-ALLOY TUBING, 8-page Bulle- 
tin 70 describes small-diameter super- 
alloy tubing for applications requir- 
ing strength at high temperatures: 
will not rupture under a stress load 
of 25,000 psi at 1200°F during a 1000- 
hour test period and resist oxidation 
and other types of corrosion.—Su- 
perior Tube Co., 1564 Germantown 
ve., Norristown, Penna. 
e 481 


ELECTRICAL, ELEC- 
TRONIC INSTRUMENTS 


OSCILLOSCOPE. 4-page bulletin de- 

scribes Type 401, said to be “tthe most 

advanced low-freque ncy scope ever 

made.”’—-Allen B. Du Mont Labs., Ine., 

760 Bloomfield Ave., Clifton, N. J. 
482 nquiry 


THE MODULAR CONCEPT is the title 

of 4-page technical bulletin which ex- 

plains the principles, the steps, and 

the requirements, with emphasis on 

reliability.-Cannon Electric Co., 3209 

Humboldt St., Los Angeles St, Calik: 
483 on © y 


ELECTRICAL CONTROLS, &8-page 
General Purpose Control Catalog 
GEC-1260C includes complete prod- 
uct descriptions of motor starters, 
contactors, relays, solenoids, limit 
switches, pushbuttons and pilot de- 


vices; also contains prices, features, 


wiring diagrams, dimensions and ap- 

plication information for each device; 

is indexed for easy reference._-Gen- 

eral Electric, Schenectady 5, N. Y. 
484 oo» y card 


PEAK VOLTAGE measureme nts. 4- 
page Vol. 24 No. 11 issue of ‘“Elec- 
trical Measurements” discusses basic 
principles, then describes Model CRV 
Crest Voltmeter.—-Sensitive Research 
Instrument Corp., 310 Main St., New 
Rochelle, N. Y. 

485 


PROGRAM UNIT for Insulation Test- 
ers. 2-page bulletin explains why 
manual operation often causes dam- 
age, and how new Model 1102 auto- 
matically provides correct sequences 
and correct rates of increased volt- 
ages.—Jackson Electronic & Mfg. 
Co., Akron 6, Ohio 

2 486 on 


ANTENNA PATTERN MEASURE- 
MENT 


, 2-page bulletin § technically 
describes Series 402 Wide Range Re- 
ceiving Systems featuring maximal 
sensitivity and linearity.-Scientific- 
Atlanta, Ine., 2162 Piedmont Rd., 
N.E., Atlanta 9, Ga. 

C e 487 on i: 


INDICATING INSTRUMENTS. Two 2- 
page bulletins: No. 100 describes 250 
and 300° scale instruments; No. 101 
describes expanded-scale instruments; 
both available in various sizes.— 
Miller Instrument Co., Ine., 165 E. 
Lincoln St., Escondido, Calif. 

Circle 488 on sed 





MAINTAINS 


ACCURACY 


REGARDLESS 
OF 
TEMPERATURE 


VARIATIONS 6° 
y 


Another exclusive feature developed by the makers of the 
world’s most PRECISE PRESSURE GAUGES 





NO THERMAL READJUSTMENT OF DIAL ZERO 
NO CORRECTION CURVE COMPUTATIONS 


DIRECT DEPENDABLE READING AT 
TEMPERATURES FROM O° TO 100°F. 


Pressure Ranges 15 to 20,000 P.S.I. Dial Sizes 8¥2”-12"-16" 
Prices from $196.75 DELIVERY WITHIN 30 DAYS 











HEISE BOURDON TUBE COMPANY, IN 


* BROOK ROAD, NEWTOWN, CONNEMTICET: U.S.A. 


For more information circle 126 on inquiry card 
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ry-Yoladeliti= 
section 


CLASSIFIED ADVERTISING, EMPLOY- 
MENT AND BUSINESS OPPORTUNITIES 


Address box replies to Instruments Publishing 
Co., 845 Ridge Ave., Pittsburgh 12, Pa. 





SALES 
ENGINEERING 
MANAGER 


Sales Engineering Manager to 


supervise national sales engi- 
neering force in the marketing 
of digital computer control sys- 
tems and advanced data logging 
equipment to the chemical. oil 
refining. and other process in- 
dustries. Additional openings 
Please ad- 


Mr. F. C. 


for sales engineers. 
dress inquiries to: 
Nagel 
The 
Ramo-Wooldridge 
Corporation 
P. O. Box 45215 Airport Station 
Los Angeles 45, California 














No. 787 Carbide and 
Steel Scriber $2.50 
Points reverse for per- 
sonal safety. Approx- 
imately 12”x3/64” dia., 
solid carbide rod 
brazed into steel 
(not just tipped) 
permits many re- 
grindings. é 





yj No. 634 Combina- 
tion Scriber and 
Permanent Magnet 


Postpaid with $2.25 


money order or check. 
SPRING SPECIALTY CO. 
23 N. Fifth Ave. © Maywood, Ill. 
f r circle 127 or nguiry card. 





RECORDING CHARTS 
FOR EVERY TYPE OF INSTRUMENT 
@ Roll @ Strip @ Circular @ Heat-sen- 
sitive @ Regular Replacement Needs 
@ New Types— 
Send Sample for prompt quote. 
SCHUELER & COMPANY 


75 Cliff St., N.Y. 38 











ATTENTION-- 
--ENGINEERS 


Who Are Concerned with Piping 
Problems, Gas, Steam, Liquids. 
Here is a versatile computer designed 
for your specific problems. Based on 
Reynold’s criteria. Will save you 
many hours of otherwise unavoidably 
tedious calculations and reduce the 
possibility of expensive errors. For 
all fluids, diameters, lengths, pres- 
sures, rates, temperatures and pipe 
surfaces. Thousands in use in U.S.A. 
and abroad. The "Polyflo" computer 
is 7%" dia. Laminated over printing. 
Data book is 834"" x II". 

description without 
write 


For complete 
obligation 
B. C. SHEBEKO 


1968 LOS ANGELES AVE. 
BERKELEY 7, CALIFORNIA 








AGENTS WANTED 


Top-flight manufacturer’s 
agents to handle complete line 
of metal-sheathed, magnesium 
oxide and aluminum oxide in- 
sulated thermocouples and con- 
nectors of all types and sizes. 
Products in wide use since 1956 
in chemical, refining, steel, 
nuclear, and aviation industries. 
All territories open except New 
England, New York City, and 
Philadelphia. 
BOX NO. 359 








PYROMETER EQUIPMENT 
L&N Recording Controllers in stock for 
immediate shipment. Also multi-point 
recorders, other models and makes. All 
Reconditioned and Guaranteed. Please 
ask for our stock list. 


PYRO SERVICE COMPANY 
17121 Greeley Detroit 3, Michigan 
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SALES AGENTS WANTED 
Manufacturer of Pyrometers and tempera- 
ture measuring equipment wants active 
sales agents in N. Y. City proper, Texas, 
Okla., Ark., Northern Cal., Va., La., and 
Miss. Our products are nationally adver- 
tised and used in chemical plants, re- 
fineries, laboratories—-wherever tempera- 
tures must be measured and controlled in 
industry. For complete details write: E. C. 
Finlay, Technique Associates, Inc., 1413 
N. Corn’l] St., Indianapolis 2, Ind. 














Please Allow... 
4 to 6 weeks 
for change of 


address 
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NEW LITERATURE 


RELAYS, SWITCHES 


RELAYS, Type F, especially designed 
for 0.1” grid printed circuits, com- 
pletely hermetically sealed, are de- 
scribed in new 4-page Sales Engi- 
neering Bulletin 124.—C. P. Clare & 
Co., 3101 Pratt Blvd., Chieago 45, 
Ill. 





C e 489 on inquiry card 


SWITCHES, Data Sheet 121 describes 
a new environment-proof momentary- 
action toggle switch which can be 
converted to a maintained contact 
switch by means of built-in solenoid. 
—8-page Data Sheet 143 describes 
modular-mount Series 100 PB lighted 
pushbutton switches with two built- 
in indicator lights per unit.—Micro 
Switch Div., Minneapolis-Honeywell 
Regulator Co., Spring St., Freeport, 
Ill. 


Cir » 490 © Aquiry ] 


POTENTIOM ETERS 


10-TURN PRECISION POT. 4-page 
Data Sheet 1273 (superseding 54-14) 
describes Series 7600 10-turn 1-13/16” 
diameter pot, includes a table of coil 
characteristics, ete.—Beckman/ Heli- 
pot Corp., Newport arsanged hacen 

Circle 491 « r 


TRIMMING POTS, 2-page Form No. 
C.8 describes trimming  potentiom- 
eters and variable resistors featuring 
hollow mandrel with wire-wound coil 
on outside and brush on_ inside, 
whence more wire for better resolu- 
tion and heat dissipation.—Con-Elco, 
P. O. Box 565, 1711 S. Mountain 
Ave., Monrovia, Calif. 
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TRANSISTOR POWER SUPPLIES. 2- 
page product data sheet describes 
three new low-cost T-Nobatron tube- 
less power supplies for development 
and/or testing of transistor circuits, 
relays, computer circuitry, etc.— 
Sorensen & Co., Inc., Richards Ave., 
South Norwalk, Conn. 
Circle 493 on inquiry card. 


POWER SUPPLIES, 16-page catalog is 
said to cover “the widest and most 
diversified power supply line in the 
industry ... more than 900 new pow- 
er supply models, over half of which 
have been completely redesigned.”— 
NJE Corp., 345 Carnegie Ave., Kenil- 
worth, N. J. 

Circle 494 on inau 


TRANSISTORIZED POWER UNITS 

are covered in 4-page brochure on 

inverters, converters, and power sup- 

plies.—Modern Industries, Inc., 2601 

Colorado Ave., Santa Monica, Calif. 
Circle 495 on inquiry card. 


VOLTAGE SOURCES. 6-page brochure 
describes DK Series of seven “Sys- 
tem-mated”’ power oscillators featur- 
ing ultra-stable voltage, low harmon- 
ics, noise and hum.—Electronics In- 
ternational Co., 145 W. 
Blvd., Burbank, Calif. 
Circle 496 on inquiry 
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COMPUTING 
ENGINEERS 


APPLIED 
MATHEMATICIANS 


EXPANDING 
DIGITAL 


COMPUTER PROGRAM 


CREATES 
IMPORTANT NEW 
OPPORTUNITIES AT 
REPUBLIC AVIATION 


Republic now has on order 
an IBM Type 704 Computer 
scheduled for delivery in 
August of this year, and an 
IBM Type 709 for delivery 
in eighteen months. We have 
immediate openings for sever- 
al Applied Mathematicians 
with extensive Digital Com- 
puter experience to assist in 
preparation for delivery of 
these computers, and to de- 
velop and maintain a smooth- 
running operation. 

If you are ready for that next 
important move and desire to 
work on challenging prob- 
lems in the design and de- 
velopment of Supersonic 
and Hypersonic Aircraft, 
Missiles and Satellites, Nucle- 
ar Reactors, and many other 
fields, write us today. Posi- 
tions offer varying degrees of 
responsibility commensurate 
with your background and 
ability. 

Vinimum three years ex- 
perience in digital computer 
programming, and large ma- 
chine experience are essential 
requirements, 


Forward your resume in confidence to: 
Mr. George R. Hickman 
] Engineering Employment Manager 
PEPUBLIGC AVIATIOW 
FARMINGDALE, LONG ISLAND, NEW YORK 


DC POWER SUPPLIES. 4-page bro- 
chure describes five selenium-rectifier 
models and five germanium-rectifier 
models for lab or factory.—Model 
Rectifier Corp., 557 Rogers Ave., 
Brooklyn 25, N. Y. 

Circle 497 on inquiry card. 


MAGNETICS 


MAGNETICS. Two new 4'2-page bul- 
letins describe bobbin cores (Bull.BC- 
202), and Permalloy powder cores 
(Bull.PC-103A); and two 32-page 
eatalogs describe tape-wound cores 
(Cat. TWC-200), and magnetic lami- 
nations (Cat.ML-301).—Magnetics, 
Inc., Butler, Penna. 
C e 498 on inquiry 


MAGNETIC ALLOYS, 64-page bool: 
details engineering properties and 
fabrication characteristics of special 
alloys for electronic, magnetic and 
electrical applications.—Carpenter 
Steel Co., 3061 W. Bern St., Reading, 
Penna. 
@ 499 on incuiry 


ELECTRICAL, ELEC- 
TRONIC COMPONENTS 


COMPONENTS. 48-page Catalog 581 
covers audio Transformers, pulse 
transformers, filters, discriminators, 
high-Q reactors, mag amps, _ultra- 
sonic components, etc.—Freed Trans- 
former Co., Inc., 1718-1736 Weirfield 
St., Brooklyn nay sala di N. Y. 
Circle $00 on inquiry card. 


COMPONENT TIPS for printed- circuit 

applications are discussed in 2-page 

announcement which explains time- 

saving advantages and contains a 

table of dimensions, etc.—AMP Inc., 

21 Paxton St., Harrisburg 30, Penna. 
Circle 501 on inquiry card 


CORES. 4-page Folder TB-103 illus- 
trates and describes line of con- 
sistently-uniform high-quality bobbin 
cores for use in digital data process- 
ing systems; includes data on G-L 
magnetic materials available: 4-79 
Molybdenum Permalloy, and Ortho- 
nik.—G-L Electronics, 2921 Admiral 
Wilson Blvd., Camden 5, N. J. 
Circle $02 on inquiry card. 


PATCH-BOARD. Section XIII, New 
Product Bulletin 60 describes new 
type patch-board intended mainly for 
test panels and low-cost computers. 
—Vector Electronic Co., 1100 Flower 
St., Glendale 1, Calif. 

Circle 503 on inquiry crad. 


TERMINALS, BOARDS, etc. (1) 40- 
page catalog is said to show “the 
most complete line of: terminals in 
the industry.” It includes every popu- 
lar terminal lug; also covers miscel- 
laneous hardware, tools, etc.; (2) 4- 
page Price List; (3) wall chart.— 
Precision Metal Products Co., 41 Elm 
St., Stoneham 80, Mass. 
Circle 504 on inquiry card. 


BRUSHES, 12-page catalog describes 
carbon and graphic brushes for all 
types of rotating electrical machin- 
ery.—Speer Carbon Div., Speer Car- 
bon Co., St. Marys, Penna. 


Circle 505 on inquiry card. 


How To Get Things Done 
Better And Faster 


> JO SaOnR Ono 
raeseeecceteae c 
Beast rng7 
Cectetegea ce 


BOARDMASTER VISUAL CONTROL 


~ Gives Graphic Picture — Saves Time, 
Saves Money, Prevents Errors 
- Simple to operate —Type or Write on 
Cards, Snap in Grooves 
‘> Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Ete. 
i: Made of Metal Compact and Attrac- 
tive. Over 250,000 in Use 


Full price $4g* with cards 


24-PAGE BOOKLET NO. AU-30 
Without Obligation 


Write for Your Copy Today 


GRAPHIC SYSTEMS 
55 West 42nd Street @ New York 36, N. Y. 


For more information circle 131 on inquiry card. 


INDICATING and 
RECORDING TACHOMETER 





Type No. 317 


To facilitate the tracing and check- 
ing of production, Amthor Recording 
Tachometers provide a permanent 
and complete production report each 
day. 

They record Speed and Rate of 
Production—Changes in Speed— 
Starting and Stopping Times—All 
Slowdowns and Non-Productive Peri- 
ods, in r.p.m., or f.p.m., gallons p.m., 
cans p.m., paper per hour, etc. . 

Ask for literature 


AMTHOR 
TESTING INSTRUMENT 
Co., Inc. 


45 Van Sinderen Ave., Brooklyn 7, N. Y. 
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STOCK DELIVERY 


SYNCHROS ae ag aN POTENTIOMETERS 
RELAYS SERVO MOTORS 

TUBES SYNCHRONOUS MOTORS 
DIODES PULSE TRANSFORMERS 
METERS TRANSISTORS 


LABORATORY TEST EQUIPMENT 
MICROWAVE EQUIPMENT 


@ 

LISTED BELOW ARE TYPICAL VALUES 
FROM OUR 16 PAGE BARGAIN CATALOG 
(AVAILABLE UPON REQUEST) 
WINSLOW model 5G-1000 MEGOHMETER 

—Insulation Resistance Test Set—hand 
cranked  - eaatnaannal 0-1000 megohms 
at 500 VDC $129.50 
GENERAL RADIO Type 7ISAE DIRECT CUR- 
RENT AMPLIFIER in portable Esterline An- 
gus case . $250.00 
SOLA sane 2KVA CONSTANT VOLTAGE 
TRANSFORMER—Pri—95-125/190-250 V 50 or 
60 cy. Sec—IIS V +1% regulation 2000VA 
$125.00 

BOSTON Cat. #UD-48 GEAR REDUCTORS— 
Ratio 48 to I—0.25 HP at 1800 RPM $32.50 
HELIPOT Mod. B PRECISION POTENTIOME- 
TERS—IO0K ohms, 15 turns, 10 watts, lineari- 
ty 0.02% : $24.50 
VANDYKE PRECISION POTENTIOMETERS— 
50K ohms, 10 turns, linearity 0.5%, her- 
metically sealed $8.50 


115-Volt 60-cy Synchros 


Type 1G Generators 

Type IF Motors 

Type ICT Control Transformers 
Type 1DG Differential Generators 
Type 3HG Generators 

Type 3F Motors 

Type 3HCT Control Transformers 
Type 3D Differential Motors 

Type 3HDG Differential Generator 


MANY OTHER STANDARD TYPES 
IN STOCK 
LECTRONIC RESEARCH LABS 
719 Arch Street Phila. 6, Pa. 
Phone—MArket 17-6771 
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FREED 
MAGNETIC 


AMPLIFIERS 
FOR IMMEDIATE DELIVERY 


FAST RESPONSE 


MAGNETIC AMPLIFIERS 
2% response Phase reversible 


Supply AC or DC signal 
Freq. 


C.P.S. : . Al full output. 





voltage req'd for 





= 








0.4 


ey 




















1.0 


Supply | Power Sig. req'd 
Cat. | Freq. | Out. 


cP tp Ma-DC 
No. .P.S. | Watts outp. - 
= dt bs , 





Total res. 
contr. wdg. 
KY 
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advertisers 
Tite (=>. 4 


This index ts published as a service. Every 


care is taken to make it accurate, 


but 


I&AM assumes no responsibility for errors or 


omissions. 


Allegany Instrument Co. Inc. 

American Chain & Cable Co., 
Helicoid Gage Division 

American Time Products, Inc 

AMP Incorporated 

Amthor Testing Instrument Co., Inc 
Annin Company 

Arnoux Corporation 

Askania Regulator Company 
Automatic Electric Sales Corporation 

Automatic Switch Co. 

Aviation Electric Limited 


Bailey Meter Company 
Barksdale Valves 
B-I-F Industries, Inc.- 

Builders-Providence, Inc 688, 
B-L-H: Electronics & Instrumentation Division 
Brailsford & Co., Inc. 
Bristol Company ; 564, 
Bruno-New York Industries Corp 
Builders-Providence, Inc.- 

B-I-F Industries, Inc 683 


Cambridge Instrument Company, Inc 

Chatillon & Sons, John 

Chester Cable Corp. 

Comar Electric Company 

Computer Contro! Company, Inc 

Conoflow Corporation 

Consolidated Electrodynamics 
Corporation 

Cox Instrument Div., Nankervis Co., 

Cramer Controls Corporation 

Crescent Insulated Wire and Cable Co 

Crystal Glass Tube & Cylinder Co 


585, 6ll, 
Geo. L. 


Dahi Company, Inc., George W. 
Diehl Manufacturing Company 
Du Mont Laboratories, Inc., Allen B 


Eastern Air Devices, Inc. 

Edison Industries, Inc., Thomas A., 
Instrument Division 

Electro Rust-Proofing len 
Electronic Associates Incorporated 
Electronics & Instrumentation Division: 
Eppley Laboratory, Inc. 
Esterline-Angus Company, Inc 
Exactel Instrument Co. 


B-L-H 


Fairchild Controls Corporation 
Components D.vision 

Fisher Governor Company 

Foxboro Company 

Freed Transformer Co., Inc 

Fulton Syiphon Division 


574, 575, 


Gates Electronic Co 

General Electric Company 
Gow-Mac Instrument Co 
Graphic Systems 

Gubelman Publishing Company 


Hagen Manufacturing Company, Inc. 
Hammel-Dah! Company 


681 


Outside Back Cover 


Klipfel Valves Inc 
Kurman Electric Co. 


Lectronic Research Labs 

Leeds & Northrup Company . 

Leslie Co. 

Levin & Son, Inc., Louis 

Lewis Engineering Co. 

Lewis Spring & Manufacturing Company 
Liquidometer Corp. kd 

Lynn, Robert M. 


Manning, Maxwell & Moore, Inc. 580, 597, 
Marsh Instrument Company 

Marshalltown Mfg. Company 

Mercoid Corporation 

Midwestern Instruments 

Mine Safety Appliances Company 
Minneapolis-Honeywell 576, 593, 604, 
Moeller Instrument Company 

Moser Jewel Company 


Nankervis Co., Geo. L., 
Cox Instrument Div 
Nash Engineering Company 
Northam Electronics, Inc. 


Offner Electronics Inc. 
Optics Manufacturing Corp. 
Opto-Metric Tools, Inc. 


Palmer Thermometers, Inc. 

Partlow Corp 

Penberthy Manufacturing Co. . 
Post Electronic Division of Post 
Machinery Co. 

Potter Instrument Company, Inc. 
Precision Tube Company 

P-W Industries, Inc. 

Pyro Service Company 


Radio Frequency Laboratories. Inc 
Ramo-Wooldridge Corporation 
See Thompson-Ramo-etc. 
Rawson Electrical Instrument Co 
Renick Co., L. C 

Republic Aviation 


Rockwell Company, W. S 


Scherr Co., Inc., George 

Schueler & Company 

Sensitive Research aaiaas Corporation 
Shallcross Manufacturing Company 
Shebeko, B 

Shore Instrument & Mfg. Co., Inc 
Simplatrol Products Corp. 

Smith Co., S$. Morgan 

Southwestern Industrial Electronics Co 
Spring Specialty Company 

Standard Electric Time Company 
Stevens-Arnold, Incorporated 

Stewart Corp., F. W 

Streeter-Amet Company 
Stromberg-Carlson 

Superior Tube Company 

Swiss American Jewel Bearings Co. 


Tally Register Corporation 
Technique Associates, Inc 
Testa Manufacturing Company 
Thermo Electric Co., Inc. 
Thompson- Ramo-Wooldridge Products 
Co. ... 600 


Unertl Optical Co., John 
Uniflow Valve Corporation 


ma-3 | 60 | 50 i 
map-3al 60 | 50 | 1 
mare | 60 | 175 | 1 
Map-7 | 400 | 15 
MAP-8 400 | 50 1.75 
All units designed for 115V-AC operation 


Hastings-Raydist, Inc. 6% 
Heiland Division, 

Minneapolis-Honeywell Regulator Co. 586, 587 
Heise Bourdon Tube Company, Inc 719 
Helicoid Gage Division, 

American Chain & Cable Co., Inc. 699 
Hoke Incorporated 603 


Van Products Co 

Vapor Recovery Systems Company 
Veeder-Root Incorporated 
Victoreen Instrument Company 


























Wallace & Tiernan Incorporated 

Warner Electric Brake & Clutch Co 
Waugh Engineering Co. 

Waukesha Motor Company 

West Instrument Corporation 

Weston Electrical Instrument Corporation, 
a Subsidiary of Daystrom, Incorporated 


illinois Testing ‘Laboratories, Inc. 7 
Imperial Brass Mfg. Co. - , 571 
Industrial Electronics Engineers 5% 
instruments Publishing Company 687 


Send for NEW 48 arty! transformer catalog. 
Also ask for complete laboratory test instru- 
ment catalog. 


FREED TRANSFORMER CO., INC. 


1707 Weirfield St., Brooklyn (Ridgewood) 27, N. Y. 
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Jones Optical Works, A. D. 710 
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...almost forgotten... because it does its job so well! 


Dependable, year-after-year performance makes a Fisher Dia- 


hragm Motor Valve the preferred control in the power and If you want to know more about 
8 


: ; ‘ the ultimate in control—the 
process industries. The Fisher D.M.V. has features not available 


b 1 T wk I é em Fisher Diaphragm Motor Valve 
on other brands. The extra thick steel casing, the precision fin =i dee Malka Bree: 
ished valve stem, the large capacity and the trouble-free operation 

—these are just a few of the reasons a Fisher gets the nod when 


it comes to diaphragm motor valve selection. 


IF 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD...CHANCES ARE IT’S CONTROLLED BY FISHER: 


FISHER GOVERNOR COMPANY 


M hallt f k, , England 
arshalltown, lowa / Woodstock, Ontario / London nglan SINCE 1880 
nation circle 135 on inquiry card. 
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KEYNOTE 


of TrHE NEW Ge) ACTUATOR 


ENTIRE ACTUATOR may be removed and replaced without disturbing the 
packing box. By loosening nuts A, B, and C the actuator may be lifted over 
the plug stem.* 

*See clearance denoted by dotted lines and arrows. 

YOKE is stirrup-type of cast nodular iron. Held to bonnet by stainless steel 
clips. May be rotated 360° on bonnet. 


SPLIT COUPLING has L.H. (upper) and R.H. (lower) 
threads. Stems do not engage—do not meet. Coupling 
acts as a turnbuckle for adjusting plug seating tension. 
A a Tightly clamped coupling prevents twisting of plug 
t stem. 
¢ SLOTTED HOLDING CLIPS i 
y/ | if permit 
INTERCHANGEABLE Fy / removal of clips without removing nuts 


= 3 Band C. 


POSITIONER ARM 








SPRINGS are available in three inter- 
changeable ranges, 3-15, 5-25, and 
6-30 psi. Interchangeable in any act- 
vator — no additional parts required. 


f} 


POSITIONER BRACKET (Universal) supplied on all 
valves for the mounting of any positioner. No valve dis- 
assembly required — Positioner can be mounted in the 
field by removing nut A and replacing it with the 


positioner arm. 7h 


HAMMEL-DAHL 


DIVISION OF GENERAL CONTROLS CO. 
WARWICK INDUSTRIAL PARK, PROVIDENCE 5, R. I., U.S.A. 
SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


SIX REGIONAL STOCKING POINTS IN THE U.S.A. 


e 136 








